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processing and sub-routine call return. 
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load instruction, a stack pointer shift instruction, a call 
instruction, a return instruction, a continuous push 
instruction and a continuous pop instruction. 
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CLAIMS 


[Claim(s)] 

[Claim 1] The information-processing circuit characterized by to have the object code which 
makes an implied operand the stack-pointer dedicated register only used for stack pointers, and 
this stack-pointer dedicated register, to decode the object code of the instruction group only for 
stack pointers the processing based on this stack-pointer dedicated register was described to be, 
and to include a decode means output a control signal based on this object code, and an 
activation means perform said instruction group only for stack pointers based on the contents of 
said control signal and said stack-pointer dedicated register. 

[Claim 2] In claim 1, said instruction group only for stack pointers includes the load instruction 
which has transfer register specific information in object code. When said decode means decodes 
said load instruction and said activation means executes said load instruction, Either [ at least ] 
the data transfer from the first area to the first given given register on memory, or the data 
transfer from said first given register to said first given area The information processing circuit 
characterized by carrying out based on the register address specified by the memory address 
specified with said stack-pointer dedicated register, and said transfer register specific 
information. 

[Claim 3] The information processing circuit where the offset information said whose load 
instruction is the information about the offset for specifying the address of said first area on said 
memory is included in object code in claim 2, and said activation means is characterized by 
specifying said memory address using the contents and said offset information on said stack- 
pointer dedicated register. 

[Claim 4] In claim 3, said offset information includes the immediate offset information given by 
the immediate, and the data size information about the size of the given data on memory. Said 
activation means is based on said immediate offset information and said data size information. 
The information processing circuit which carries out the left logic shift of said immediate offset 
information, and is characterized by specifying said memory address with the value which 
generated the offset value and added the contents and said offset value of said stack-pointer 
dedicated register. 

[Claim 5] The information-processing circuit characterized by to change the contents of said 
stack-pointer dedicated register based on said migration information in case said decode means 
decodes said stack-pointer migration instruction and said activation means executes said stack- 
pointer migration instruction including a stack-pointer migration instruction for said instruction 
group only for stack pointers to have migration information in object code, and move a stack 
pointer to it in either claim 1 - claim 4. 

[Claim 6] The information processing circuit where said instruction-execution means is 
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characterized by processing at least one side of the processing which subtracts said immediate 
migration information from the contents of the processing adding said immediate migration 
information and contents of said stack-pointer dedicated register, and said stack-pointer 
dedicated register in claim 5 including the immediate migration information that said migration 
information was given by the immediate. 

[Claim 7] In either claim 1 - claim 6, two or more registers which were able to be continuously 
set in order are included. Said instruction group only for stack pointers includes either [ at least ] 
the continuation push instruction which has two or more register specific information in object 
code, or a continuation pop instruction. Said decode means decodes either [ at least ] said 
continuation push instruction or a continuation pop instruction. When said instruction-execution 
means executes either [ at least ] said continuation push instruction or said continuation pop 
instruction, At least one side of the processing which carries out multiple-times pop succeeding 
said two or more registers from the processing which carries out a multiple-times push from said 
two or more registers continuously to the stack prepared in memory, and said stack The 
information processing circuit characterized by attaining to the memory address specified 
according to the contents of said stack-pointer dedicated register, and carrying out based on said 
two or more register specific information. 

[Claim 8] In claim 7, n general-purpose registers specified by the register numbers from 0 to n-1 
are included. One [ at least ] object code of said continuation push instruction and a continuation 
pop instruction as said two or more register specific information The last register number as 
which either of said register numbers was specified is included. At least one side of the 
processing which carries out multiple-times pop succeeding said two or more registers from the 
processing in which said activation means carries out a multiple-times push continuously to the 
stack prepared in memory from two or more registers to the register specified by said last register 
number from a register 0, and said stack The information processing circuit characterized by 
carrying out based on the memory address specified according to the contents of said stack- 
pointer dedicated register. 

[Claim 9] In claim 7 or either of 8 said activation means the contents of the either given register 
of two or more of said registers The write-in means written in the stack prepared in memory 
based on the memory address specified with said stack-pointer dedicated register, A count count 
means of writing to count the count of writing to said stack by said write-in means, A 
comparison means to compare the value of said count of writing counted with said count means 
and said two or more register specific information is included. A write-in memory address 
generation means by which said write-in means generates the write-in memory address for 
adding the first input and second input with an adder, and specifying a writing place, It controls 
so that the first input of said adder serves as the contents of the stack-pointer dedicated register at 
the time of activation initiation of the instruction only for continuation. The first [ which was 
generated by the write-in address-generation means after it ] input-control means controlled to 
write in and to become the address, The second input-control means which outputs the offset 
value when writing 1 word in the second input of said adder from said stack, The contents of the 
register specified with the value which subtracted said count of writing from said two or more 
register specific information The information processing circuit characterized by controlling two 
or more writing to said stack from a register and write-in termination based on the comparison 
result of said comparison means including the means written in said stack based on said write-in 
memory address. 

[Claim 10] The contents of the stack by which said instruction-execution means was formed in 
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memory in either of claims 7-9 based on the memory address specified with said stack-pointer 
dedicated register are read. A read-out means to store in the either given register of two or more 
of said registers, A count count means of read-out to count the count of read-out from said stack 
by said read-out means, A comparison means to compare the value of said count of read-out 
counted with said count means and said two or more register specific information is included. A 
write-in memory address generation means by which said read-out means generates the write-in 
memory address for adding the first input and second input with an adder, and specifying a 
writing place, It controls so that the first input of said adder serves as the contents of the stack- 
pointer dedicated register at the time of activation initiation of the instruction only for 
continuation. The first [ which was generated by the read-out address-generation means after it ] 
input-control means controlled to read and to become the address, The second input-control 
means which outputs the offset value when writing 1 word in the second input of said adder from 
said stack, The contents of said stack are read based on said read-out memory address. The 
information processing circuit characterized by controlling read-out and read-out termination of 
the contents of said stack based on the comparison result of said comparison means including a 
read-out means to store in the register specified based on said count of writing. 
[Claim 1 1] In either claim 1 - claim 10, the program counter register only for program counters is 
included. The branch instruction said whose instruction groups only for stack pointers are the 
instruction which branches to a subroutine, and a return instruction from said subroutine is 
included. When said decode means decodes said branch instruction and said instruction- 
execution means executes said branch instruction, At least one side of the return to shunting of 
the contents of said program counter register to the second given area of the stack prepared in 
memory, and the program counter register of the contents of said second area The information 
processing circuit characterized by including the means performed based on the memory address 
specified with said stack-pointer dedicated register, and a means to update the contents of said 
stack-pointer dedicated register based on said shunting and said return, 

[Claim 12] It is an information processing circuit containing the stack pointer assigned to two or 
more registers which were able to be continuously set in order, and one of general -purpose 
registers. The object code of one [ at least ] instruction of the continuation push instruction which 
has two or more register specific information in object code, and a continuation pop instruction is 
decoded. When at least one side of a means to output a control signal based on this object code, 
and said continuation push instruction and said continuation pop instruction is performed, At 
least one side of the processing which carries out multiple-times pop succeeding said two or 
more registers from the processing which carries out a multiple-times push from said two or 
more registers continuously to the stack prepared in memory, and said stack The information 
processing circuit characterized by including the means performed based on the memory address 
specified according to the contents of said control signal and said stack-pointer dedicated 
register, and said two or more register specific information. 

[Claim 13] The information processing circuit characterized by being a RISC method in either 
claim 1 - claim 12. 

[Claim 14] The information processing circuit characterized by decoding a fixed-length 
instruction and performing executive operation in either claim 1 - claim 13 based on this 
instruction. 

[Claim 15] The microcomputer characterized by including a means to perform I/O with an 
information processing circuit, a storage means, and the exterior according to claim 1 to 14. 
[Claim 16] The microcomputer characterized by performing the program of the language which 
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has the structure where relate with said stack pointer and the storage region of an auto variable is 
secured in claim 15. 

[Claim 17] Electronic equipment characterized by including the microcomputer indicated by 
claim 15 or either of 16. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electronic equipment constituted using the 
microcomputer which contains an information processing circuit and said information processing 
circuit, and this microcomputer. 
[0002] 

Background Art and Problem(s) to be Solved by the Invention] Conventionally, in the 
microcomputer of a RISC method which can process 32-bit data, the fixed-length instruction of 
32-bit width of face was used. The reason is that the time amount which decoding of an 
instruction takes can be shortened compared with the case where a variable-length instruction is 
used, and it can make the circuit scale of a microcomputer small if a fixed-length instruction is 
used. 

[0003] However, also in a 32-bit microcomputer, there are also many instructions which are not 
needed especially 32 bits. Therefore, if 32 bits describes all instructions, the instructions which a 
redundant part produces in an instruction will increase in number, and the utilization ratio of 
memory will worsen. 

[0004] then, this invention — the person was performing examination about the microcomputer 
which processes the fixed-length instruction of bit width of face shorter than the bit width of face 
of the data which can be processed in order to raise the utilization ratio of memory, without 
complicating a control circuit. 

[0005] However, if 32 bit fixed length's instruction is only made into a 16-bit fixed length, for 
example, the following troubles will arise. 

[0006] That is, in the microcomputer of a RISC method, in order to think the versatility of 
processing and an instruction set as important, when processing which deals with a stack pointer 
was performed, said processing was performed using the instruction which makes a general- 
purpose register applicable to actuation, using one of general-purpose registers as a stack pointer. 
Therefore, assignment of the general-purpose register currently used as a stack pointer is needed 
for that of said instruction at the time of describing such processing. 

[0007] For example, when the instruction which makes a general-purpose register applicable to 
actuation describes the processing which transmits the data specified by the memory address 
which applied the given offset value to the stack pointer to a given register, said offset value, the 
information which specifies said given register, and the information which specifies the register 
currently used as a stack pointer are needed for the object code of the instruction. 
[0008] Thus, since the information specified by object code increases when describing the 
processing which deals with a stack pointer with the instruction which makes a general-purpose 
register applicable to actuation, it becomes difficult to describe the contents of the instruction by 
the 16-bit fixed length. Also especially into an instruction, if an instruction length is made into 
32 bits here, since an instruction also has many instructions which are not needed 32 bits, the 
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instructions which produce a redundant part will increase in number, and aggravation of the 
utilization ratio of memory will be invited to an instruction. 

[0009] Moreover, since the memory which stores it is also too much needed if an instruction 
length becomes long, it is desirable that not only a fixed-length instruction but an instruction 
length can be shortened from a viewpoint of efficient use of memory. 

[0010] Moreover, since the instructions which deal with a stack pointer increase in number when 
performing the program described in the language in which it relates with a stack pointer, for 
example like C, and the storage region of an auto variable is secured, it is desirable to describe 
efficiently the instruction which deals with a stack pointer, and to perform it. 
[001 1] Then, when processing which deals with a stack pointer was performed, by the shortest 
possible instruction length, the contents of an instruction were described and architecture which 
can be performed was desired. 

[0012] Moreover, especially CPU of a RISC method came to have many general-purpose 
registers in the interior in order [ latest ] to raise the engine performance. It is because many 
processings are made to a high speed inside CPU, without accessing memory by having many 
registers in the interior. Thus, if it has many internal registers, the number of registers which 
should be evacuated will increase in the case of interruption processing or processing of the 
register evacuation at the time of a subroutine call, and restoration. 

[0013] The conventional example is explained taking the case of shunting of the register which 
uses it abundantly in case going into a subroutine also in a stack system instruction **** is 
sufficient hereafter and it carries out, and return instruction. 

[0014] Usually, the instruction set of a microcomputer shunts to the stack which prepared the 
register of CPU in memory, or has the instruction for restoring. There is a thing with an 
instruction of dedication for that or a thing with a register indirect-addressing instruction. 
[0015] As a technique about the instruction for [ said ] shunting or restoring, "80386 Pro 
gramine" (John H.Crawford Patric P.Gelsigner work Iwatani ** translation) has the following 
description about 80386 of Intel. 

[0016] That is, it is an instruction which writes a register in a stack. There are push, pusha, and 
pushad and there are pop, popa, and popad as an instruction for returning data to a register from a 
stack. 

[0017] When writing a register in a stack with a push instruction push EAX A register is 
specified as an operand like. This is the case of the 32-bit register EAX. It is push when writing 
Registers EAX, ECX, EDX, and EBX to a stack altogether. EAXpush ECXpush EDXpush A 
push instruction is repeated like EBX. 

[0018] Thus, if it is operating one register at a time with push and a pop instruction, the size of 

object code will become large, and a program execution step will also increase, therefore 

program execution time amount and processing actuation will become slower. 

[0019] then, all eight general-purpose registers that 80386 has ~ a stack - writing in - pusha or - 

- pushad An instruction is used, pusha targets the 16 bit register of low order of each of eight 

registers 32 bits for pushad. It is omissible to repeat a push instruction 8 times by pusha and 

pushad. 

[0020] The same is said of pop, popa, and a popad instruction. 

[0021] In order to fetch the disadvantageous point of repeating a push instruction that a program 
code becomes long and the whole instruction and to perform it, it is that activation is slow. This 
point is greatly improved by said pusha and pushad, when writing all of said eight registers in a 
stack. However, when writing in less than eight register like the case of four, or the case of six, 
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[0022] That is, also when all registers are operated with pusha, pushad, popa, and a popad 
instruction like 80386 and there is no need of evacuating and restoring all the registers, the late 
long instruction of this cycle must be used. In such a case, although an instruction can be 
managed with one instruction, the problem of becoming long produces the execution cycle of 
this instruction. 

[0023] Moreover, in case it branches to a subroutine by a call instruction, a return instruction, 
etc. or returns to the called routine, shunting of a program counter and the restorative processing 
which are needed as the return point address are needed. In CPU of the conventional RISC 
method, these processings were realized by software. That is, shunting of said program counter 
and restorative processing were performed by executing assembler instruction (object code) 
which described this processing. For this reason, the call instruction and the return instruction 
caused the increment in object code, and in order to fetch the whole instruction and to perform, 
they had caused slowdown of execution speed. 

[0024] The purpose of this invention is offering the information processing circuit which has the 
architecture which can describe efficiently the processing which deals with a stack pointer by the 
short instruction length, and can perform it, a microcomputer, and electronic equipment. 
[0025] Again Other purposes of this invention are describing processing of register evacuation or 
register restoration efficiently, and offering interruption processing and the information 
processing circuit where the processing speed of a subroutine call return is quick, a 
microcomputer, and electronic equipment. 
[0026] 

[Means for Solving the Problem] This invention is characterized by to have the object code 
which makes an implied operand the stack-pointer dedicated register only used for stack 
pointers, and this stack-pointer dedicated register, to decode the object code of the instruction 
group only for stack pointers the processing based on this stack-pointer dedicated register was 
described to be, and to include a decode means output a control signal based on this object code, 
and an activation means perform said instruction group only for stack pointers based on the 
contents of said control signal and said stack-pointer dedicated register. 

[0027] Although the thing of the program code obtained as a result of translating object code into 
an absolute language by the compiler generally in here is said, in this invention, it is used with 
the large concept which contains the program code described in the absolute language not related 
in the paddle by the compiler. 

[0028] The information processing circuit of this invention has a stack-pointer dedicated register 
only for stack pointers, and it is constituted so that decode of the instruction group only for stack 
pointers which makes this stack-pointer dedicated register applicable to actuation, and activation 
may be performed. 

[0029] Since said instruction group only for stack pointers has the operation code of the 
dedication for dealing with a stack-pointer dedicated register, it does not need the information for 
specifying a stack pointer for the operand of object code. In other words, said instruction group 
only for stack pointers makes the stack-pointer dedicated register the implied operand. For this 
reason, compared with the case where a stack pointer is operated using the instruction which 
makes one of the general-purpose registers addressing to a rate, and makes a general-purpose 
register applicable to actuation at a stack pointer, the instruction which deals with a stack pointer 
by the short instruction length can be described. 

[0030] Therefore, according to this invention, the information processing circuit which can 
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describe and perform processing which deals with a stack pointer by the short instruction length 
can be offered. Moreover, the good information processing circuit of the utilization ratio of the 
memory which memorizes an instruction can be offered. 

[0031] This invention includes the load instruction to which said instruction group only for stack 
pointers has transfer register specific information in object code. When said decode means 
decodes said load instruction and said activation means executes said load instruction, Either [ at 
least ] the data transfer from the first area to the first given given register on memory, or the data 
transfer from said first given register to said first given area It is characterized by carrying out 
based on the register address specified by the memory address specified with said stack-pointer 
dedicated register, and said transfer register specific information. 

[0032] Said load instruction included in said instruction group only for stack pointers in here is 
an instruction which performs a data transfer between memory and a register, and is a concept 
including either [ at least ] the transfer to a register from memory, or the transfer to memory from 
a register. In addition, it is the concept which also contains address data regardless of the 
contents of data. A memory address means the address for pinpointing the area on the memory in 
the case of a transfer. 

[0033] Since said load instruction has the operation code of the dedication for making a stack- 
pointer dedicated register applicable to actuation, it does not need the information for specifying 
a stack pointer for the operand of object code. For this reason, when making data transfer 
processing perform between the area on the memory which has the memory address related with 
the stack pointer, and a register, a short instruction length can describe. 
[0034] This invention includes the offset information said whose load instruction is the 
information about the offset for specifying the address of said first area on said memory in object 
code, and said activation means is characterized by specifying said memory address using the 
contents and said offset information on said stack-pointer dedicated register. 
[0035] In here, what specified the offset value by the direct immediate is sufficient as offset 
information, and the case where it specifies indirectly like [ in the case of specifying the 
addresses, such as a register with which the offset value was stored ] is sufficient as it. When said 
load instruction including offset information is executed, said memory address which is needed 
in case it is a transfer is specified based on the contents and offset information on a stack-pointer 
dedicated register. 

[0036] Therefore, when making data transfer processing perform between the area on the 
memory which has the memory address specified based on a stack pointer and said offset 
information, and a register, a short instruction length can describe. 

[0037] Moreover, according to this invention, also in the information processing circuit of the 
structure where a stack pointer always puts the word boundary, for example, it becomes possible 
by specifying suitable offset information to specify the area of the arbitration on a stack. For this 
reason, according to the size of data, it can store in a stack efficiently, and improvement in the 
utilization ratio of a stack can be aimed at. 

[0038] Including the immediate offset information that said offset information was given by the 
immediate, and the data size information about the size of the given data on memory, based on 
said immediate offset information and said data size information, said activation means carries 
out the left logic shift of said immediate offset information, and generates an offset value, and 
this invention is characterized by to specify said memory address with the value adding the 
contents and said offset value of said stack-pointer dedicated register. 

[0039] In here, immediate offset information means what specified the offset value by the direct 
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immediate. Moreover, data size information means the size of the memory top data which should 
be transmitted. Usually, data size is expressed with 2n (n is three or more), such as 8-bit cutting 
tool data, and 16 bits halfword data, 32-bit WORD data. The address on memory is given per 
cutting tool, halfword data are set on a halfword boundary, and WORD data are set to the word 
boundary. Therefore, 1 bit of the low order of the memory address of halfword data is set to 0, 
and 2 bits of the low order of the memory address of WORD data are set to 00. Since the address 
of a stack pointer has pointed out the word boundary, 1 bit of the low order of the offset value in 
the case of generating the memory address of halfword data is set to 0, and 2 bits of the low 
order of the offset value in the case of generating the memory address of WORD data are set to 
00. 

[0040] Moreover, a left logic shift shifts the bit string of data on the left, and means the shift in 
which 0 goes into the vacancy bit (shift in bit) which comes out to the right-hand side of data by 
shift. 

[0041] According to this invention, since the left logic shift of said offset immediate information 
is performed based on data size, with data size, the bit of the low order decided uniquely can be 
omitted and immediate offset information can be described. Therefore, immediate offset 
information can be specified efficiently, and when it is data sizes other than a cutting tool, 
compared with the case where it specifies as it is, assignment becomes possible at a larger offset 
value. 

[0042] Moreover, by using this instruction, the suitable boundary location according to the data 
size will be chosen at the time of the writing to the memory of data, and read-out. 
[0043] This invention is characterized by changing the contents of said stack-pointer dedicated 
register based on said migration information, in case said decode means decodes said stack- 
pointer migration instruction and said activation means executes said stack-pointer migration 
instruction including a stack-pointer migration instruction for said instruction group only for 
stack pointers to have migration information in object code, and move a stack pointer to it. 
[0044] Since said stack-pointer migration instruction has the operation code of the dedication for 
making a stack-pointer dedicated register applicable to actuation, it does not need the 
information for specifying a stack pointer for the operand of object code. For this reason, a short 
instruction length can describe to move a stack. Therefore, the amount of description of the 
instruction at the time of processing the data memorized by relating with the processing of data 
and the stack pointer which are stored in the stack is reducible. 

[0045] Since migration of a stack can carry out easily according to this invention, it is effective 
when processing by securing stack area which is different in an especially different routine, 
respectively. That is, by performing processing to which a stack pointer is moved for every 
routine, it becomes addressable over a wide range field. 

[0046] This invention is characterized by processing at least one side of the processing to which 
said instruction-execution means subtracts said immediate migration information from the 
contents of the processing adding said immediate migration information and contents of said 
stack-pointer dedicated register, and said stack-pointer dedicated register including the 
immediate migration information that said migration information was given by the immediate. 
[0047] According to this invention, only a part to have specified the value of a stack pointer for 
immediate migration information can describe the upper part or the processing to which it is 
made to move caudad by the short instruction length. 

[0048] This invention contains two or more registers which were able to be continuously set in 
order. Said instruction group only for stack pointers Either [ at least ] the continuation push 
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instruction which has two or more register specific information in object code, or a continuation 
pop instruction is included. Said decode means decodes either [ at least ] said continuation push 
instruction or a continuation pop instruction. When said instruction-execution means executes 
either [ at least ] said continuation push instruction or said continuation pop instruction, At least 
one side of the processing which carries out multiple-times pop succeeding said two or more 
registers from the processing which carries out a multiple-times push from said two or more 
registers continuously to the stack prepared in memory, and said stack It is characterized by 
attaining to the memory address specified according to the contents of said stack-pointer 
dedicated register, and carrying out based on said two or more register specific information. 
[0049] As for a push, taking out data from said stack as it is pop means accumulating and storing 
data in the stack prepared in memory. With the processing pushed in here, and the processing 
which carries out pop, said storing and processing of ejection, and an update process of the stack 
pointer accompanying it are included. The usual information processing circuit has the push 
instruction for storing data and the address in a stack from the register of 1, and the pop 
instruction which takes out the contents of the stack to a register. This push instruction and a pop 
instruction update the stack pointer accompanying an exchange of the data of a register and a 
stack, and this exchange. 

[0050] Therefore, in exchanging data etc. by two or more registers and stacks, it is necessary to 
carry out multiple-times activation of these instructions. 

[0051] However, according to this invention, if said continuation push instruction and said 
continuation pop instruction are executed, the same effectiveness as the case where multiple- 
times activation of the case where multiple-times activation of the push instruction is carried out 
continuously, or the pop instruction is carried out continuously will be acquired. That is, renewal 
of the stack pointer accompanying an exchange and this exchange of the data between two or 
more registers and a stack can be performed with one instruction. For this reason, when 
performing the data transfer between two or more registers and a stack, it can prevent object 
code size increasing by repeating a push instruction or a pop instruction. Moreover, improvement 
in the processing speed of interruption processing and a subroutine call return can be aimed at, 
without avoiding that a program execution step becomes long and consuming a useless cycle. 
[0052] This invention contains n general-purpose registers specified by the register numbers 
from 0 to n-1. One [ at least ] object code of said continuation push instruction and a 
continuation pop instruction as said two or more register specific information The last register 
number as which either of said register numbers was specified is included. At least one side of 
the processing which carries out multiple-times pop succeeding said two or more registers from 
the processing in which said activation means carries out a multiple-times push continuously to 
the stack prepared in memory from two or more registers to the register specified by said last 
register number from a register 0, and said stack It is characterized by carrying out based on the 
memory address specified according to the contents of said stack-pointer dedicated register. 
[0053] Usually, when there are two or more general-purpose registers, it has the address for 
specifying a register. By this invention, said register is specified by the register number followed 
from 0 to n-1. 

[0054] According to this invention, either [ at least ] processing which pushes data between two 
or more registers and memory which were followed from a register 0 to said last register number, 
or processing which carries out pop is performed by specifying the register number of arbitration 
as said last register number. Therefore, in the program execution which has structure which uses 
a register in an order from the register of a register number 0, shunting and restoration of a 
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register can be performed efficiently. 

[0055] The write-in means which writes the contents of the register of two or more of said 
registers either given [ this invention ] in said activation means in the stack prepared in memory 
based on the memory address specified with said stack-pointer dedicated register, A count count 
means of writing to count the count of writing to said stack by said write-in means, A 
comparison means to compare the value of said count of writing counted with said count means 
and said two or more register specific information is included. A write-in memory address 
generation means by which said write-in means generates the write-in memory address for 
adding the first input and second input with an adder, and specifying a writing place, It controls 
so that the first input of said adder serves as the contents of the stack-pointer dedicated register at 
the time of activation initiation of the instruction only for continuation. The first [ which was 
generated by the write-in address-generation means after it ] input-control means controlled to 
write in and to become the address, The second input-control means which outputs the offset 
value when writing 1 word in the second input of said adder from said stack, The contents of the 
register specified with the value which subtracted said count of writing from said two or more 
register specific information Based on the comparison result of said comparison means, it is 
characterized by controlling two or more writing to said stack from a register and write-in 
termination including the means written in said stack based on said write-in memory address. 
[0056] Moreover, this invention reads the contents of the stack by which said instruction- 
execution means was formed in memory based on the memory address specified with said stack- 
pointer dedicated register. A read-out means to store in the either given register of two or more 
of said registers, A count count means of read-out to count the count of read-out from said stack 
by said read-out means, A comparison means to compare the value of said count of read-out 
counted with said count means and said two or more register specific information is included. A 
write-in memory address generation means by which said read-out means generates the write-in 
memory address for adding the first input and second input with an adder, and specifying a 
writing place, It controls so that the first input of said adder serves as the contents of the stack- 
pointer dedicated register at the time of activation initiation of the instruction only for 
continuation. The first [ which was generated by the read-out address-generation means after it ] 
input-control means controlled to read and to become the address, The second input-control 
means which outputs the offset value when writing 1 word in the second input of said adder from 
said stack, The contents of said stack are read based on said read-out memory address. Based on 
the comparison result of said comparison means, it is characterized by controlling read-out and 
read-out termination of the contents of said stack including a read-out means to store in the 
register specified based on said count of writing. 

[0057] If it does in this way, the restoration to two or more registers specified with the value 
which continued from shunting or the stack to the stack of two or more registers systematically 
specified with the continuous value is realizable only by the count means and easy sequence 
control. Therefore, since it is realizable in the information processing circuit of the small gate 
number, it is suitable for the microcomputer of a one chip etc. 

[0058] This invention contains the program counter register only for program counters. The 
branch instruction said whose instruction groups only for stack pointers are the instruction which 
branches to a subroutine, and a return instruction from said subroutine is included. When said 
decode means decodes said branch instruction and said instruction-execution means executes 
said branch instruction, At least one side of the return to shunting of the contents of said program 
counter register to the second given area of the stack prepared in memory, and the program 
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counter register of the contents of said second area It is characterized by including the means 
performed based on the memory address specified with said stack-pointer dedicated register, and 
a means to update the contents of said stack-pointer dedicated register based on said shunting 
and said return. 

[0059] In here, interruption processing, exception handling, a debugging manipulation routine, 
etc. are included with a subroutine. Therefore, with the instruction which branches to a 
subroutine, the software interrupt instruction for branching to an instruction, interruption 
processing, exception handling, a debugging manipulation routine, etc. which call a subroutine 
etc., a software debugging interruption instruction, etc. are included. Moreover, the return 
instruction from interruption processing, exception handling, a debugging manipulation routine, 
etc. is included in a return instruction from a subroutine. 

[0060] Usually, when returning from the case where it branches to a subroutine, or said 
subroutine, shunting and a return of a program counter are needed. 

[0061] In this invention, in case the instruction which carries out a return from the activation and 
the subroutine of an instruction which branch to said subroutine is executed, shunting and a 
return of said program counter are also performed to coincidence. That is, the information 
processing circuit of this invention has circuitry which can perform shunting and a return of a 
program counter with the instruction which branches to a subroutine, and any 1 instruction of the 
return instruction from said subroutine. For this reason, shunting of said program counter which 
is needed in connection with the return from branching and the subroutine to a subroutine, and an 
instruction of a return become unnecessary, and the number of instructions can be reduced. 
Moreover, improvement in the processing speed at the time of branching can be aimed at to other 
routines, such as a subroutine call return, without consuming a useless cycle. 
[0062] Moreover, when a software interrupt instruction is generated, shunting and the return 
holding the current condition of information processing circuits, such as CPU, of a processor 
status register are also needed. Therefore, in a software interrupt instruction etc., it is desirable 
that it is made to perform shunting and a return of a processor status register to coincidence at the 
time of activation of this instruction. 

[0063] This invention is an information processing circuit containing the stack pointer assigned 
to two or more registers which were able to be continuously set in order, and one of general- 
purpose registers. The object code of one [ at least ] instruction of the continuation push 
instruction which has two or more register specific information in object code, and a 
continuation pop instruction is decoded. When at least one side of a means to output a control 
signal based on this object code, and said continuation push instruction and said continuation pop 
instruction is performed, At least one side of the processing which carries out multiple-times pop 
succeeding said two or more registers from the processing which carries out a multiple-times 
push from said two or more registers continuously to the stack prepared in memory, and said 
stack It is characterized by including the means performed based on the memory address 
specified according to the contents of said control signal and said stack-pointer dedicated 
register, and said two or more register specific information. 

[0064] This invention relates to said continuation push instruction and said continuation pop 
instruction in the case of using a general-purpose register as a stack pointer. 
[0065] According to this invention, if said continuation push instruction and said continuation 
pop instruction are executed, the same effectiveness as the case where multiple-times activation 
of the case where multiple-times activation of the push instruction is carried out continuously, or 
the pop instruction is carried out continuously will be acquired. That is, renewal of the stack 
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pointer accompanying an exchange and this exchange of the data between two or more registers 
and a stack can be performed with one instruction. For this reason, when performing the data 
transfer between two or more registers and a stack, it can prevent object code size increasing by 
repeating a push instruction or a pop instruction. Moreover, improvement in the processing speed 
of interruption processing and a subroutine call return can be aimed at, without avoiding that a 
program execution step becomes long and consuming a useless cycle. 
[0066] It is characterized by the information processing circuit of ******** being a RISC 
method. 

[0067] The information processing circuit of a RISC method is designed for the purpose of 
miniaturizing hardware and attaining improvement in the speed. For this reason, it has many 
general-purpose registers and reduction of the number of instructions is aimed at by extracting an 
instruction set to the high thing of versatility. 

[0068] Therefore, in the information processing circuit of a RISC method, the stack pointer was 
assigned to the general-purpose register, and when a stack pointer was treated, it was processing 
using the instruction set treating a general-purpose register. However, by such approach, an 
instruction length becomes large, and the utilization ratio of memory is not good. 
[0069] According to this invention, in the information processing circuit of a RISC method, 
instruction lengths can be reduced and the utilization ratio of memory can be gathered. 
[0070] The information processing circuit of this invention decodes a fixed-length instruction, 
and is characterized by performing executive operation based on this instruction. 
[0071] If a fixed-length instruction is used, the time amount which decoding of an instruction 
takes can be shortened compared with the case where a variable-length instruction is used, and 
the circuit scale of an information processing circuit can be made small. When adopting a fixed- 
length instruction, in order to prevent making a redundant part to an instruction and to use 
memory efficiently, the number of bits required for each instruction has little dispersion, and its 
shorter possible one is desirable. 

[0072] According to this invention, generally, an instruction length can shorten the instruction 
length of an instruction which deals with the stack pointer which tends to become long. 
Therefore, even if it is the case where a fixed-length instruction is adopted, it can prevent making 
a redundant part to an instruction, and memory can be used efficiently. 

[0073] The microcomputer of this invention is characterized by including a means to perform I/O 
with the information processing circuit of this invention and storage means which were 
mentioned above, and the exterior. 

[0074] According to this invention, processing speed can offer a quick microcomputer with the 
sufficient utilization ratio of memory. 

[0075] The microcomputer of this invention is characterized by performing the program of the 
language which has the structure where relate with said stack pointer and the storage region of an 
auto variable is secured. 

[0076] There is C as language which has the structure where relate with a stack pointer and the 
storage region of an auto variable is secured and to carry out. When the microcomputer of this 
invention processes the program of such language, processing speed and the utilization ratio of 
memory can be raised effectively. 

[0077] The electronic equipment of this invention is characterized by including the 
microcomputer of this invention mentioned above. 

[0078] According to this invention, since processing speed builds in the quick good information 
processing circuit of the utilization ratio of memory, cheap and highly efficient electronic 
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equipment can be offered. 
[0079] 

[Embodiment of the Invention] Hereafter, this example is explained based on a drawing. 
[0080] (Example 1) 

(1) By the architecture of a load store mold, CPU of configuration this example of CPU of this 
example executes almost all instructions in 1 cycle with a pipeline. All instructions are described 
by the 16-bit fixed length, and the instruction which CPU of this example processes has realized 
very small object code size. 

[0081] Especially CPU of this example is constituted so that the instruction set of the instruction 
group only for stack pointers which has a register only for stack pointers in order to describe 
efficiently the processing which deals with a stack pointer and to perform it, and has the object 
code which makes this stack-pointer dedicated register an implied operand can be decoded and 
performed. 

[0082] Drawing 1 is drawing for explaining the outline of the circuitry of CPU of this example. 
[0083] A book CPU 10 contains a register set including SP14 who are a general-purpose register 
1 1, PC 12 with which the program counter is stored, the processor status register (PSR) 13, and a 
register only for stack pointers, an instruction decoder 20 and the immediate generation machine 
22, the address adder 30, ALU40, the PC incrementer 44 and the various internal buses 72, 74, 
76, and 78, the various internal signal lines 82, 84, and 86, and 88 grades. 
[0084] Said instruction decoder 20 decodes the inputted object code, performs processing 
required in order to execute this instruction, and outputs a required control signal. In addition, 
this instruction decoder 20 functions also as said decode means to decode the object code of the 
instruction only for said stack pointers, and to output a control signal based on this instruction. 
[0085] The immediate generation machine 22 generates the immediate data of 32 bits used at the 
time of activation based on the immediate contained in object code, or generates the constant 
data of 0 [ required for activation of each instruction ], **1, **2, and 4 [ **]. The PC incrementer 
44 updates the program counter stored in PC 12 based on the execution cycle of an instruction. In 
case the address adder 30 adds the immediate data generated with the information stored in 
various registers, or the immediate generation vessel 22 and reads data from memory, it 
generates required address data. ALU40 performs math processing and logical operation. 
[0086] Moreover, this CPU contains various buses and a signal line inside. PA_BUS72 and 
PB_BUS74 have the function to transmit the input signal of ALU40 etc. WW_BUS76 has the 
function which takes out the result of an operation of ALU40, and is transmitted to a general- 
purpose register. XA_BUS78 has the function to transmit the address data taken out from the 
general-purpose register 1 1 or SP 14 etc. The IA signal line 82 transmits address data to external 
I_ADDR_BUS92 from each part inside CPU. The DA signal line 84 transmits address data to 
external D_ADDR_BUS96 from each part inside CPU. The DIN signal line 86 transmits data to 
each part inside CPU from D_DATA_BUS98 of the CPU exterior. The DOUT signal line 88 
transmits data to external D_DATA_BUS98 from each part inside CPU. IA input change-over 83 
switches the various signals (PA_BUS72, WW_BUS76, PC 12, PC+2) outputted to the IA signal 
line 82. The DOUT input change-over 89 switches the various signals (PA_BUS72, 
WW_BUS76, PC 12, PC+2) outputted to the DOUT signal line 88. 

[0087] Moreover, said each part of CPU10 functions based on the control signal which said 
instruction decoder 20 outputs also as said activation means to execute an instruction and to 
perform the instruction group only for stack pointers based on the contents of said control signal 
and said stack-pointer dedicated register. 
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[0088] A book CPU 10 performs an exchange of the exterior and a signal through the instruction 
address bus (I_ADDR_BUS) 92 for the 16-bit instruction data bus (I_DATA_BUS) 94 and an 
instruction data access, the 32-bit data bus (D_DATAJBUS) 98, the data address bus 
(D_ADDR_BUS) 96 for a data access, and the control bus that is not illustrated for a control 
signal. 

[0089] (2) the explanation of a register set in which this example carries out CPU ** -- explain a 
part required about the outline of the register set which CPU of this example has next. 
[0090] The register set which CPU of this example has in drawing 2 is shown. CPU of this 
example has the register set which contains 16, and PC 12, PSR13, SP14, ALR (arithmetic 
operation low register) 15 that is not illustrated and AHR (arithmetic operation high register) 16 
which is not illustrated for a general-purpose register 1 1 . 

[0091] said general-purpose register 11 - functional - a 32-bit equivalent register - it is - RO to 
R15, and naming ******. This general-purpose register 1 1 is used at the time of a data operation 
and address computation. 

[0092] Moreover, PC 12 is the incremental counter of 32 bit length, and holds the program 
counter which is the address of the instruction under current activation. In the text, when 
pointing out a register name, it is called PC, and it is called a program counter when putting the 
value stored in PC. 

[0093] Direct access of this PC 12 cannot be carried out by a load instruction etc. If a call 
instruction, an int instruction, interruption, and an exception occur, a program counter will be 
read from PC 12 and will be evacuated to a stack. Thus, it will fly, if branch instruction is 
executed, and the point address is set as PC. It is also the same as when branching with a 
conditional-branching instruction. And the return point instruction address is read by a ret 
instruction and reti instruction from a stack, and returns to PC 12 with them. 
[0094] PSR (processor status register) 13 is a 32-bit register to which the flag is assigned, and 
holds the current condition of CPU. If an int instruction, interruption, an exception, etc. occur, in 
case it will branch to each manipulation routine, the condition of PSR at that time is evacuated to 
a stack. Conversely, by activation of a reti instruction, the evacuated value returns to PSR. 
[0095] SP14 is a register only for [ of 32 bits ] stack pointers, and the stack pointer which puts 
the head address of a stack is stored. In the text, when pointing out a register name, it is called 
SP, and it is called a stack pointer when putting the value stored in SP. However, since the stack 
pointer has always pointed out the boundary of WORD, 2 bits of the low order of said stack 
pointer are always 0. 

[0096] This stack pointer is updated with activation of the various instructions included in the 
instruction group only for stack pointers currently prepared by this example, and generating of a 
trap. There are an instruction which branches to other routines, such as a call instruction and a ret 
instruction, as an instruction only for stack pointers which updates a stack pointer, a stack- 
pointer migration instruction, a pushn instruction, a popn instruction, etc. For example, if a call 
instruction is executed, the decrement (-4) of the stack pointer will be first carried out only for 
wordsize (4), and PC 12 will be evacuated to a stack. Moreover, if a ret instruction is executed, 
the return point address will be conversely loaded to PC from a stack, and the wordsize part 
increment (+4) of the stack pointer will be carried out. When an int instruction is executed, or it 
interrupts and an exception etc. occurs, the value of PC or PSR is evacuated to a stack in the 
following procedures. 

[0097] 1) Evacuate PC to the head address of the stack to which it is pointed out with SP=SP-42 
stack pointer. 
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[0098] 3) Evacuate PSR to the head address of the stack to which it is pointed out with SP=SP- 
44 stack pointer. 

[0099] If a reti instruction is executed, processing contrary to the above will be performed and 
CPU will return to a former condition. Thus, activation of a call instruction, a ret instruction, and 
an int instruction updates a stack pointer based on this activation. About the detail of each 
instruction, it mentions later. 

[0100] Moreover, in this example, a trap means what doubled the exception generated by 
activation of interruption and the instruction which are generated in activation of an instruction 
asynchronous. If a trap occurs, CPU will read a vector table from a trap table, after evacuating a 
program counter (PC) and a processor status register (PSR) to a stack, and will branch to the 
manipulation routine corresponding to the trap. With generating of a trap, IE bit in PSR (enable [ 
interruption ]) is cleared, and generating of mask possible interruption beyond it is forbidden. In 
order to enable again external interruption in which a mask is possible, 1 is written in and set as 
IE bit of PSR using the load instruction to PSR. 

[0101] A reti instruction is used in order to return to the original routine from trap processing. If 
a reti instruction is executed, CPU will branch to the return address while it is read from a stack 
in order of PSR and PC and returns PSR to the original value. In addition, there are a debugging 
exception, an address irregular train exception, an overflow exception, a division-by-zero 
exception, etc. as exception. 

[0102] Explanation is omitted about ALR (arithmetic operation low register) 15 and AHR 
(arithmetic operation high register) 16. 

[0103] The special registers PSR13, SP14, ALR15, and AHR16 which CPU has can perform 
data transfer between general-purpose registers using a load instruction. Each register has a 
special register number and is accessed using this number. 
[0104] 

A special register name Special register number The description approach processor status 
register of an assembler 0 % PSRSP 1 % SP arithmetic operation low register 2 % An ALR 
arithmetic operation high register From the lower part of the field which followed memory in the 
already kicked temporary storage, data accumulate a 3 %AHR (3) stack and the explanation 
stack about a stack pointer on ledged, and they are memorized. The stack pointer shows the 
address of the data memorized, the top, i.e., last, of a stack memory. 
[0105] General actuation of a stack pointer is explained using drawing 3 . 
[0106] 100 of drawing 3 expresses the stack area established in memory. Supposing a shadow 
area 102 is data stored at the end, the stack pointer stored in SP14 shows the memory address 
1000 of these data. In addition, the lower part field 104 of a shadow area 102 is a field where 
data are already stored, and the upper part field 106 of a shadow area 102 shows the field where 
data will be stored from now on. 

[0107] Since the stack pointer has always pointed out the boundary of WORD, when writing 
information in a stack, it stores information in the location where only 4 moves upwards the 
stack pointer with which SP14 was stored, and this stack pointer points to it. Moreover, when 
taking out the information stored in the stack, the information on the address which current [ SP / 
14 ] shows is taken out, and only 4 moves downward the stack pointer stored in SP14. Thus, the 
stack pointer shows the storing address of the information always stored in the stack finally. 
[0108] (4) Although a general-purpose register is used as a stack pointer in CPU of the 
explanation usual RISC method about the instruction group only for stack pointers, in this 
example, it has SP14 who is a register only for stack pointers, and is set as the actuation object of 
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said instruction group only for stack pointers. 

[0109] Said instruction group only for stack pointers is the generic name of two or more 
instructions which make an implied operand SP14 who is a register only for stack pointers, and 
operate it by being with SP14. This instruction group only for stack pointers includes the 
instruction which branches to other routines, such as SP relative load instructions (Id etc.), a 
stack-pointer migration instruction (add, sub), instructions (call etc.) that branch to a subroutine, 
and return instructions (ret etc.), a continuation push instruction (pushn), and a continuation pop 
instruction (popn). 

[0110] Since it is the instruction only for stack pointers, I hear that that it is common in the 
instruction of ******** has the unnecessary information for specifying a stack pointer to object 
code, and it is in it. Therefore, the effectiveness that a short instruction length can describe the 
processing using a stack pointer efficiently is also common. 

[0111] Moreover, if these instructions are used, information memorized by the stack prepared in 
memory can be processed efficiently. Moreover, interruption processing and processing of a 
subroutine call return can be performed efficiently. 

[0112] Here, the busy condition of the already kicked stack and the condition of a stack pointer 
are explained to the example of use and memory of the instruction only for said stack pointers in 
case a subroutine is called using drawing 4 . The main program 500 and subroutine 520 of 
drawing 4 are the program described by the object code which the C compiler created. 540 
shows the condition of the stack on memory. 502 shows that processing which uses general- 
purpose registers R0-R3 is performed. 506 shows the subroutine call instruction. The back stack 
pointer (SP) with which the instruction before the subroutine call instruction with which a 
subroutine call instruction is executed by the main program 500 (i.e., before being shown in 504) 
was executed presupposes that the address of ** on the stack 540 on memory was pointed out. If 
said subroutine call instruction is executed, control of activation will be crossed to a subroutine 
520. At this time, the instruction (call instruction) which branches to the subroutine which is the 
instruction only for said stack pointers is executed by this example. As for the value of a stack 
pointer (SP), activation of this instruction stores the return address to a main program in the area 
544 on the stack to which the increment only of -4 was carried out (refer to **SP of drawing 4 ), 
and this stack-pointer **SP has pointed it out automatically. 

[0113] And in a subroutine 520 side, processing which transmits to a stack the value stored in the 
general-purpose registers R0-R3 currently used for the beginning of activation by the main 
program is performed. 524 shows the continuation push instruction (pushn) which is an 
instruction only for stack pointers which performs processing which shunts to a stack the value 
stored in general-purpose registers R0-R3. If this instruction is executed, the value stored in 
general-purpose registers R0-R3 will be continuously transmitted to a stack, and it is stored in a 
stack 540 as shown in 550 of drawing 4 . The stack pointer (SP) has pointed out 546 as activation 
of this processing finishes (524**) (**SP). 

[0114] Next, in a subroutine 520, the auto variable area used by the subroutine is secured. The 
add instruction shown in 526 is a stack-pointer migration instruction which is an instruction only 
for stack pointers, and secures the stack area which is made to move a stack pointer up and is 
used by the subroutine 520. If this instruction is executed, only X cutting tool will move a stack 
pointer (SP) to the upper location 548 (**SP), and the field of the auto variable which the 
subroutine shown in notes 2 uses will be secured. 

[0115] It is shown that 528 performs processing which used an auto variable and general-purpose 
registers R0-R3 by the subroutine 520. At this time, the location of a stack pointer has pointed 
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out **SP, and loading of an auto variable is performed by being with the load instruction only 
for SPs which is an instruction only for stack pointers. 

[0116] 529 shows said SP load instruction which transmits the auto variable SI stored on 
memory to a general-purpose register Rl. Said auto variable SI is stored in the location which 
has Y bytes of offset value from a stack pointer (**SP). Since a stack pointer does not move in 
the midst of processing of 528 of a subroutine as mentioned above, the memory address of an 
auto variable is specified with a stack-pointer + offset value, and can perform the exchange with 
a general-purpose register efficiently using the load instruction only for said SPs. 
[0117] Moreover, before returning from a subroutine 520 to a main program 500, the value of the 
general-purpose registers R0-R3 which had shunted to the stack is returned to general-purpose 
registers R0-R3, and it must be made for a stack pointer to have to point out the area 544 where 
the return address to a main routine is stored. Therefore, the stack pointer to which it was made 
to move with the stack-pointer migration instruction of 526 is first returned to the location of a 
basis. The sub instruction shown in 530 is a stack-pointer migration instruction which is an 
instruction only for stack pointers, and moves a stack pointer caudad. Activation of this 
instruction moves a stack pointer to 546 (refer to **SP). Next, processing which restores the 
information 550 stored in the stack to general-purpose registers R0-R3 is performed. 532 shows 
the continuation pop instruction (popn) which is an instruction only for stack pointers which 
performs processing which transmits the information on a stack to general-purpose registers R0- 
R3. If this instruction is executed, the value 550 stored in the stack will be continuously 
transmitted to general-purpose registers R0-R3, and it is stored in a stack 540 as shown in 550 of 
drawing 4 . activation of this processing ~ finishing (532**) « the stack pointer has pointed out 
544 (refer to **SP). 

[0118] 534 shows the return instruction. If said return instruction is executed, control of 
activation will be crossed to a main program 500. At this time, the return instruction (ret 
instruction) which is an instruction only for said stack pointers is executed by this example. If 
this instruction is executed, it will branch to the instruction which the return address to the main 
program stored in the stack area which **SP points out shows, namely, will return to the 
instruction 507 next to a main program 500. And the value of a stack pointer moves to the head 
area of a stack where the increment only of +4 is carried out, and a main program 500 uses it 
automatically (refer to **SP of drawing 4 ). 

[0119] The circuitry for executing explanation and this instruction of an instruction about each [ 
said ] instruction only for stack pointers below, respectively, the motion at the time of activation, 
etc. are explained to a detail. 

[0120] (5) Create the object code a C compiler relates the field of an auto variable with a stack 
pointer, and it is remembered that carried out the stack-pointer relative load instruction above- 
mentioned. Specifically, the C compiler is the specification which secures Y bytes of field of an 
auto variable from a stack pointer in the place whose offset is X. 

[0121] Drawing 5 is drawing for explaining the processing which transmits the auto variable on 
memory to a register. The auto variable a is [ halfword data and auto variable d-g of WORD data 
and the auto variables b and c ] cutting tool data. The stack pointer stored in SP shows 1000 
which is the address of the head field of the field 600 where the auto variable on a stack is stored. 
The area on the stack which makes said stack pointer a memory address as area for storing the 
auto variable a The area on the stack which makes a memory address a stack pointer +2 and a 
stack pointer +4 as area for storing the auto variables b and c, respectively The area on the stack 
which makes a memory address a stack pointer +5, a stack pointer +6, a stack pointer +7, and a 
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stack pointer +8 as area for storing auto variable d-g, respectively is secured. And in case given 
processing is performed, data transfer processing is needed between the auto variable specified 
by the memory address of a stack-pointer + offset value, and a general-purpose register. 
[0122] In CPU of this example, in order for short object code to describe such transfer 
processing and to perform it efficiently, the instruction set shown below is prepared as an SP 
relative load instruction which is one of the instructions only for stack pointers. 
[0123] 

ld.b %Rd [%sp+imm6] -- (1) 
ld.ub %Rd [%sp+imm6] - (2) 
ld.h %Rd [%sp+imm7] - (3) 
ld.uh %Rd [%sp+imm7] - (4) 
ld.w %Rd [%sp+imm8] -- (5) 
ld.b [%sp+imm6] %Rs - (6) 
ld.h [%sp+imm7] %Rs - (7) 
ld.w [%sp+imm8] %Rs - (8) 

(1) - (8) describes instruction code by the assembler. (1) is an instruction which carries out the 
sign escape of the cutting tool data from a stack, and is transmitted to a register. (2) is an 
instruction which carries out the zero escape of the cutting tool data from a stack, and is 
transmitted to a register. (3) is an instruction which carries out the sign escape of the halfword 
data from a stack, and is transmitted to a register. (4) is an instruction which carries out the zero 
escape of the halfword data from a stack, and is transmitted to a register. (5) is an instruction 
which transmits WORD data to a register from a stack. (6) is an instruction which transmits 
cutting tool data to a stack from a register, (7) is an instruction which transmits halfword data to 
a stack from a register, and (8) is an instruction which transmits WORD data to a stack from a 
register. 

[0124] [%sp+imm6], [%sp+imm7], and [%sp+imm8] express immediate offset information, 
respectively, the offset value generated based on this immediate offset information at the time of 
activation and the value of the stack pointer stored in SP14 are added, and a memory address is 
generated. When the data size of the data on memory is a cutting tool, [%sp+imm7 of 
[%sp+imm6]] is immediate offset information when the data size of the data on memory is a 
halftvord, in case the data size of the data on memory of [%sp+imm8] is WORD. Each of these is 
described as 6-bit immediate offset information 614 on object code by the business shown in 
drawing 6 (A) mentioned later. However, in imm7, at the time of an instruction execution, the 
offset value which should carry out the 1-bit left logic shift of the immediate offset information 
614, and should be added to a stack pointer is generated (namely, when data size is a halfword). 
Moreover, in imm8, the offset value which should carry out the 2-bit left logic shift of the 
immediate offset information 614, and should be added to a stack pointer is generated (namely, 
when data size is WORD). 

[0125] In here, a stack can mean the temporary storage established in memory, and the location 
of the auto variable (a-g) on the stack which is said memory address, for example, is shown in 
drawing 5 can be specified. 

[0126] Drawing 6 (A) is the bit field 610 of SP relative load instruction of aforementioned (1) - 
(8). As shown in drawing 6 (A), SP relative load instruction has 16-bit object code including the 
register number 616 (4 bits) of the general-purpose register with which an actuation function 
serves as the operation code 612 (6 bits) which shows that it is a data transfer between memory 
and a register, the immediate offset information (6 bits) 614 specified by the immediate, and a 
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candidate for a transfer. Said operation code 612 contains a different code given according to the 
exception of the common code which shows that it is the load instruction which makes SP14 
applicable to actuation, said data size, a sign escape, and a zero escape. Therefore, since it turns 
out that the stack pointer stored in SP14 by the operation code is made applicable to actuation, 
information about a stack pointer is not needed for the operand of object code. The immediate 
offset information 614 is the information for generating the offset value from the stack pointer of 
the data used as the candidate for a transfer. This is specified by 6 bits regardless of [ having 
mentioned above ] data size. The register number of the register with which the data with which 
the register number of the register with which the data with which it began to be read from a 
stack in aforementioned (1) - (5) are stored is written in a stack in aforementioned (6) - (8) are 
stored is contained in the address 616 of the register used as the candidate for a transfer. 
[0127] DrawinR 6 (B) shows the example of the bit field 620 of the object code of the load 
instruction (henceforth a general-purpose load instruction) which makes applicable to actuation 
the general-purpose register used when a general-purpose register is used as a stack pointer. 
[0128] As shown in drawing 6 (B), the general-purpose load instruction has 20-bit object code 
including the operation code 622 (6 bits) an actuation function indicates it to be that it is a data 
transfer between memory and a general-purpose register, the immediate offset information 624 
(6 bits) that it was specified by the immediate and the first register number 626 (4 bits) which 
specifies the general-purpose register used as a stack pointer, and the second register number 628 
(4 bits) which specifies the general-purpose register with which it becomes a candidate for a 
transfer. In a general-purpose microcomputer, since instruction lengths are 8 bitwises, they 
become 24 bits or a 32-bit instruction. 

[0129] Although each of drawing 6 (A) and (B) shows the object code of the instruction used 
when performing data transfer processing between the memory addresses and registers which are 
specified as a stack pointer by adding an offset value, as shown in this drawing, it can describe 
SP relative load instruction by short object code compared with a general-purpose load 
instruction. 

[0130] Hereafter, (5) orders as an instruction which transmits data to a register from a stack 
(since it is the instruction which reads WORD data from a stack to a register). (8) orders below 
as an instruction which is called SP relative load instruction of WORD data read-out and which 
transmits data to a stack from a register (since it is the instruction which incorporates WORD 
data from a register to a stack). SP relative load instruction of following WORD data writing - 
saying - the configuration for taking for an example and executing these instructions and the 
actuation at the time of activation are explained. 

[0131] A hardware configuration required in order to execute these instructions using drawing 1 
first is explained. These instructions are transmitted through I_DATA_BUS94 from the external 
memory (ROM) 52, and are inputted into the instruction decoder 20 of CPU 10. By this 
instruction decoder 20, an instruction is decoded and the various signals required for activation 
of an instruction which are not illustrated are outputted. Moreover, said immediate generation 
machine 22 performs the left logic shift of said immediate offset information 614 according to 
data size, generates the offset value used for a sign escape and zero escape deed activation if 
needed, and outputs it to PB_BUS74. SP14 stores the stack pointer and can output this value to 
XA_BUS78 connected to the input of the address adder 30. Another input of the address adder 
30 is connected to PB_BUS74 which is the output of the immediate generation machine 22. The 
output (ADDR) of the address adder 30 is connected to external D_ADDR_BUS96 through the 
DA signal line 84. 
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[0132] A bus control unit (BCU) 60 controls I/O of data with the memory (RAM, ROM) 50 and 
52 including stack area based on the various request signals (signal outputted to the external bus) 
outputted from CPU, and outputs READ and a WRITE control signal. 

[0133] The actuation at the time of activation of SP relative load instruction of WORD data read- 
out is explained first. 

[0134] If SP relative load instruction of WORD data read-out is executed, the value of the stack 
pointer stored in SP14 and the offset value which the immediate generation machine 22 
generated based on said immediate offset information 614 will be added, and the memory 
address for memory read-out will be generated. And the information on memory is read based on 
this memory address, and it is transmitted to the general-purpose register specified by said 
register number 616 of object code. 

[0135] Drawing 7 is a flow chart Fig. for explaining actuation of SP relative load instruction of 
WORD data read-out. 

[0136] The stack pointer stored in SP14 at the beginning of activation of said instruction is 
outputted to XA_BUS78 (step 210). Moreover, the offset value imm which the immediate 
generation machine 22 generated from immediate offset information is outputted to PB_BUS74 
(step 212). The address adder 30 adds the value on said XA_BUS78, and the value on said 
PBJ3US74, and outputs the read-out address of the memory which is a result (ADDR) to 
D_ADDR_BUS96 through the DA signal line 84 (step 214, step 216). And the data read-out 
request signal from CPU to BCU60 becomes active, and the read cycle of external memory is 
performed (step 218). That is, based on this request signal, data are read from memory by 
making said read-out address into a memory address, and said BCU60 is controlled to be 
outputted to D_DATA_BUS98. The data on D_DATA_BUS98 are outputted to WW_BUS76 
through the DIN signal line 86 (step 220). And the value on WW_BUS76 is stored in the register 
(%Rd) which has the register number specified in the address (4 bits) 616 of the register (Rs/Rd) 
set as the transfer object of instruction code (step 222). 

[0137] Next, the actuation at the time of activation of SP relative load instruction of WORD data 
writing is explained. 

[0138] If SP relative load instruction of WORD data writing is executed, the value of the stack 
pointer stored in SP14 and the offset value which the immediate generation machine 22 
generated based on said immediate offset information 614 will be added, and the memory 
address for memory writing will be generated. And the information stored in the general-purpose 
register specified by said register number 616 of object code is transmitted to the area on the 
memory specified based on this memory address. 

[0139] Drawing 8 is a flow chart Fig. for explaining actuation of SP relative load instruction of 
WORD data writing. 

[0140] The stack pointer stored in SP14 at the beginning of activation of said instruction is 
outputted to XA_BUS78 (step 230). Moreover, the offset value imm which the immediate 
generation machine 22 generated from immediate offset information is outputted to PB_BUS74 
(step 232). The address adder 30 adds the value on said XAJ3US78, and the value on said 
PB_BUS74, and outputs the write-in address to the memory which is a result (ADDR) to 
D_ADDR_BUS96 through the DA signal line 84 (step 234, step 236). Moreover, the data stored 
in the register (%Rd) which has the register number specified in the address (4 bits) 616 of the 
register (Rs/Rd) set as the transfer object of instruction code are outputted to PA_BUS72 (step 
238). The data on PA_BUS72 are outputted to DJDATAJBUS98 through the DOUT signal line 
88 (step 240). And the data write-in request signal from CPU to BCU60 becomes active, and the 
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light cycle of external memory is performed (step 242). Namely, said BCU60 controls the 
actuation which writes the data transmitted by D_DATA_BUS98 in memory 50 by making said 
write-in address into a memory address based on said request signal. 

[0141] (6) Stack-pointer migration instruction drawing 9 (A) - (F) is drawing for explaining the 
busy condition of the stack on the memory by each routine in case a program is performed over 
two or more routines, and the condition of a stack pointer. 

[0142] The condition of the stack area on the memory at the time of activation of the given 
processing a of the MAIN routine 210 shown in drawing 9 (A) and the condition of a stack 
pointer (value stored in SP14) are shown in drawing 9 (D). 222 shows the stack area for using it 
by the MAIN routine 210, and the stack pointer shows the start address 232 of 222. 
[0143] SUB1 routine 212 of drawing 9 (B) is a subroutine called and performed from said MAIN 
routine 210. The condition of the stack area on the memory at the time of activation of the given 
processing b213 of this SUB1 routine 212 and the condition of a stack pointer (value stored in 
SP) are shown in drawing 9 (E). 224 shows the stack area for using it by SUB1 routine 212, and 
the stack pointer shows the start address 234 of 224. 

[0144] SUB2 routine 214 of drawing 9 (C) is a subroutine called and performed from said SUB1 
routine 210. The condition of the stack area on the memory at the time of activation of the given 
processing c215 of this SUB2 routine 214 and the condition of a stack pointer (value stored in 
SP) are shown in drawing 9 (F). 226 shows the stack area for using it by SUB2 routine 214, and 
the stack pointer shows the start address 236 of 226. 

[0145] Thus, when activation is performed over two or more subroutines, in order that the stack 
area used by each routine may move, moving to the head of a stack area which uses the value of 
a stack pointer by each routine in connection with it is performed. 

[0146] In CPU of this example, in order for short object code to describe migration processing of 
such a stack pointer and to perform it efficiently, the instruction set shown below is prepared as a 
stack-pointer migration instruction which is one of the instructions only for stack pointers. 
[0147] 

add % - sp and imml2 - (9) 
sub % -- sp and imml2 -- (10) 

(9) and (10) describe instruction code by the assembler. (9) is the ADI instruction to the stack 
pointer stored in SP14, and (10) is the SUI instruction to the stack pointer stored in SP14. After 
imml2 shifts the immediate of 10 bits contained in the object code of an instruction leftward [ 2 
bit ], a zero escape is carried out, and it serves as 32 bit data, and is used for an operation with 
the stack pointer stored in SP14. 

[0148] Drawing 10 (A) is the bit field 630 of a stack-pointer migration instruction of the above 
(9) and (10). As shown in drawing 1 0 (A), the stack-pointer migration instruction has 16-bit 
object code including the operation code 632 (6 bits) which shows that it is addition and 
subtraction of the migration information on the stack pointer with which the actuation function 
was stored in SP14, and the immediate migration information 634 (10 bits) specified by the 
immediate. Said operation code 632 contains a different code given according to the exception of 
the common code which shows that it is the stack-pointer migration instruction which makes 
SP14 applicable to actuation, addition, and subtraction. Therefore, since it turns out that the stack 
pointer stored in SP14 by the operation code is made applicable to actuation, information about a 
stack pointer is not needed for the operand of object code. The immediate migration information 
634 is the information for generating the offset value which performs addition or subtraction to a 
stack pointer. 


21 


Machine English translation of JP 10-09 1443 A 


[0149] Drawing 10 (B) shows the example of the bit field 640 of the object code of the addition 
used when a general-purpose register is used as a stack pointer, and a subtraction instruction 
(henceforth general -purpose operation instruction). 

[0150] As shown in drawing 10 (B), general-purpose operation instruction has 20-bit object code 
including the register number 646 (4 bits) which specifies the general-purpose register with 
which an actuation function serves as the operation code 642 (6 bits) which shows that it is 
addition and subtraction of the immediate operation information on the value of a general- 
purpose register, the immediate operation information 644 (10 bits) specified by the immediate, 
and a candidate for actuation. In a general-purpose microcomputer, since instruction lengths are 
8 bitwises, they become 24 bits or a 32-bit instruction. 

[0151] Although each of drawing 10 (A) and (B) is the object codes of the instruction used when 
performing processing which adds and subtracts an immediate to a stack pointer, as shown in this 
drawing, it can describe a stack-pointer migration instruction by short object code compared with 
general-purpose operation instruction. 

[0152] Hereafter, the configuration for executing the ADI instruction (henceforth an addition 
stack-pointer migration instruction) to SP of (9) and the SUI instruction (henceforth a subtraction 
stack-pointer migration instruction) to SP of (10) and the actuation at the time of activation are 
explained. 

[0153] A hardware configuration required in order to execute these instructions using drawing 1 
first is explained. These instructions are transmitted through I_DATA_BUS94 from the external 
memory (ROM) 52, and are inputted into the instruction decoder 20 of CPU 10. By this 
instruction decoder 20, an instruction is decoded and the various signals required for activation 
of an instruction which are not illustrated are outputted. Moreover, said immediate generation 
machine 22 carries out the 2-bit left logic shift of the 10 bits of said immediate migration 
information 634, carries out a zero escape and outputs them to PA_BUS72. SP14 stores the stack 
pointer and this value is outputted to XA_BUS78. XA_BUS78 is connected to PB_BUS74 used 
as the input of ALU40. Another input of ALU40 is connected to PA_BUS72 which is the output 
of the immediate generation machine 22. The output of ALU40 is connected to WW_BUS76. 
WW_BUS76 is connected to SP's input. 

[0154] The actuation at the time of activation of an addition stack-pointer migration instruction is 
explained first. 

[0155] When an addition stack-pointer migration instruction is executed, the value of the stack 
pointer stored in SP14 and the migration immediate which the immediate generation machine 22 
generated based on said immediate migration information 634 are added, a new stack pointer is 
generated, and the value is stored in SP14. 

[0156] Drawing 1 1 is a flow chart Fig. for explaining actuation of an addition stack-pointer 
migration instruction. 

[0157] The stack pointer stored in SP14 at the beginning of activation of said instruction is 
outputted to XA_BUS78 (step 250). And the data on said XA_BUS78 are outputted to 
PB_BUS74 (step 252). Moreover, the migration immediate imm which the immediate generation 
machine 22 generated based on immediate migration information is outputted to PAJBUS72 
(step 254). ALU40 adds the value on said PB_BUS74, and the value on said PA_BUS72, and 
outputs a result to WW_BUS76 (step 256). And the value on WW_BUS76 is inputted into SP14 
(step 258). 

[0158] Next, the actuation at the time of activation of a subtraction stack-pointer migration 
instruction is explained. 


22 


Machine English translation of JP 10-09 1443 A 


[0159] When a subtraction stack-pointer migration instruction is executed, the migration 
immediate which the immediate generation machine 22 generated based on said immediate 
migration information 634 is subtracted from the value of the stack pointer stored in SP14, a new 
stack pointer is generated, and the value is stored in SP14. 

[0160] Drawing 12 is a flow chart Fig. for explaining actuation of a subtraction stack-pointer 
migration instruction. 

[0161] The stack pointer stored in SP14 at the beginning of activation of said instruction is 
outputted to XAJBUS78 (step 260). And the data on said XA_BUS78 are outputted to 
PB JBUS74 (step 262). Moreover, the migration immediate imm which the immediate generation 
machine 22 generated based on immediate migration information is outputted to PA_BUS72 
(step 264). ALU40 subtracts the value on said PA_BUS72 from the value on said PB__BUS74, 
and outputs a result to WW_BUS76 (step 266). And the value on WW_BUS76 is inputted into 
SP 14 (step 268). 

[0162] (7) Branch instruction drawing 13 is drawing for explaining control of the program 
execution by a call instruction and ret instruction. If the call instruction for branching to a 
subroutine SUB 310 is executed in the MAIN routine 300 as shown in drawing 13 (302), control 
will include a subroutine SUB 310. The ret instruction (312) is written to the last of a subroutine, 
and if this instruction is executed, it will return to the next instruction (304) of said call 
instruction (302) of the MAIN routine 300. Therefore, when shown in drawing 13 , a program 
will be performed in order of ******. Thus, after activation by the subroutine SUB 310 finishes, 
in order to perform from the next instruction (304) of return and said call instruction (302) to the 
MAIN routine 300, in case it branches to a subroutine SUB 310, it is necessary [ it ] for 
somewhere to memorize the address of the return point. For this reason, in the case of the branch 
instruction activation which branches to subroutines, such as a call instruction, as drawing 4 
explained, processing which shunts the return point address to a stack is performed, and in the 
case of activation of the branch instruction which returns from subroutines, such as a ret 
instruction, processing (henceforth shunting of a program counter and restorative processing) 
which returns the return point address to a program counter from said stack is performed. 
[0163] Since shunting of said program counter and restorative processing were realized by 
software, in case decision instructions, such as a call instruction, were executed, in order to 
perform these processings, object code (assembler instruction) was also required of CPU of the 
conventional RISC method. For example, in case a call instruction was executed, the object code 
(assembler instruction) for only wordsize (4) carrying out the decrement (-4) of the stack pointer, 
and storing the address of the next instruction of a call instruction in a stack based on the value 
of a program counter was required. 

[0164] However, CPU of this example has a hardware configuration which also performs 
shunting of said program counter, and restorative processing together, if said call instruction and 
ret instruction are executed. Therefore, the object code (assembler instruction) which describes 
shunting of said program counter and restorative processing is not needed apart from said call 
instruction or ret instruction. In CPU of this example, in order to perform shunting of such said 
program counter, and restorative processing with one instruction, the instruction set shown below 
as branch instruction which is one of the instructions only for stack pointers is prepared. 
[0165] call sign9 --(11) 
call%Rb --(12) 
ret -(13) 
reti » (14) 
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retd -(15) 

int imm2 - (16) 

brk»(17) 

(1 1) - (17) describes instruction code by the assembler. (1 1) is PC relative subroutine call 
instruction, and is a call instruction which specifies the branching place address relatively and 
branches based on the displacement information sign9 specified with the operand by making a 
program counter PC into a base address. (12) is a register indirect subroutine call instruction, and 
is a call instruction which branches to the branching place address stored in the register specified 
with the operand. (13) is a return instruction from a subroutine. (14) is a return instruction from 
interruption or an exception-handling routine. (15) is a return instruction from a debugging 
manipulation routine. (16) is a software interrupt instruction. (17) is a software debugging 
interruption instruction. 

[0166] Drawing 14 is the bit field 650 of PC relative subroutine call instruction of the above 
(11). It has 16-bit object code including displacement information sign9 (8 bits) 654 as which PC 
relative subroutine call instruction was specified by the operation code 652 (8 bits) an actuation 
function indicates it to be that it is the call instruction which specifies the branching place 
address relatively by making a program counter into a base address, and branches to a 
subroutine, and the immediate as shown in drawing 14 . After a logic shift is carried out to the 1- 
bit left at the time of activation, the sign escape of said immediate of 8 bits is carried out. 
[0167] By CPU of this example, shunting to the stack of a program counter can also be 
performed to a call instruction execution only by the object code shown in drawing 14 . 
[0168] The configuration for executing these instructions hereafter taking the case of the return 
instruction of (13) as PC relative subroutine call instruction of (1 1) and an instruction which 
carries out a return from a subroutine as an instruction which branches to a subroutine, and the 
actuation at the time of activation are explained. 

[0169] A hardware configuration required in order to execute these instructions using drawing 1 
first is explained. These instructions are transmitted through I_DATA_BUS94 from the external 
memory (ROM) 52, and are inputted into the instruction decoder 20 of CPU10. By this 
instruction decoder 20, an instruction is decoded and the various signals required for activation 
of an instruction which are not illustrated are outputted. Moreover, after said immediate 
generation machine 22 carries out the logic shift of said displacement information 654 to the 1- 
bit left, it carries out a sign escape, generates the 32-bit immediate displacement imm, and it 
outputs it to PB_BUS74. SP14 stores the stack pointer and can output this value to XA_BUS78 
connected to the input of the address adder 30. Another input of the address adder 30 is 
connected to PB_BUS74 which is the output of the immediate generation machine 22. The 
output (ADDR) of the address adder 30 is connected to external I_ADDR_BUS92 through the 
I A signal line 82. 

[0170] Moreover, I_ADDR__BUS92 and I_DATA_BUS94 are connected to ROM52 in which the 
object code of an instruction was stored, and a bus control unit (BCU) 60 outputs the READ 
control signal which reads the object code of said instruction from memory (ROM) 52 based on 
the various request signals (signal outputted to the external bus) outputted from CPU. 
[0171] The actuation at the time of activation of PC relative subroutine call instruction is 
explained first. 

[0172] If PC relative subroutine call instruction is executed, as drawing 4 explained, the value of 
the program counter stored in PC 12 will shunt to a stack, and the decrement of the value of the 
stack pointer stored in SP14 will be carried out only for wordsize (4). And the branching place 
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address which added a program counter and said 32-bit immediate displacement to PC 12, and 
was obtained is set. 

[0173] Drawing 15 is a flow chart Fig. for explaining actuation of PC relative subroutine call 
instruction. 

[0174] The stack pointer stored in SP14 at the beginning of activation of said instruction is 
outputted to XA_BUS78 (step 270). This serves as one input of an address adder, and the 
constant data (-4) which the immediate generation machine 22 generated serve as an input of 
another side of the address adder 30. and the stack which adds the value of the stack pointer on 
said XAJ3US78, and -4 with the address adder 30, and stores the return address - a write-in 
address generation is carried out and it is outputted to WW_BUS76. Moreover, said write-in 
address is outputted to D_ADDR_BUS96 through the DA signal line 84. (Step 272) . Moreover, 
in the PC incrementer 44, the value of the program counter stored in PC 12 is carried out +two, 
the return address is generated, and it is outputted to D_DATA_BUS98 through the DOUT 
signal line 88 (step 274). And the data beginning request signal from CPU to BCU60 becomes 
active, and the light cycle of external memory is performed (step 276). That is, said return 
address is stored in the stack which said BCU60 made said write-in address the memory address 
based on this request signal, and was prepared in memory. 

[0175] And the value on WW_BUS76 is outputted to SP14 (step 278). That is, the value of a 
stack pointer is updated by the value carried out -four. 

[0176] Next, the program counter stored in PC 12 is outputted to XA_BUS78 (step 280). 
Moreover, after said immediate generation machine 22 carries out the logic shift of said 
displacement information 654 included in the object code of an instruction to the 1-bit left, it 
carries out a sign escape, generates the 32-bit immediate displacement imm, and it outputs it to 
PB_BUS74. Said address adder 30 adds the immediate displacement imm on the program 
counter on XAJBUS78, and PB_BUS74, generates a branch address (ADDR), and outputs it to 
I_ADDR_BUS92 through the IA signal line 82 (step 282). And the instruction read-out request 
signal from CPU to BCU60 becomes active, the read cycle of external memory (ROM) 52 is 
performed, and the object code of an instruction of a branching place is read (step 284). 
[0177] Next, the actuation at the time of activation of a ret instruction is explained. 
[0178] If a ret instruction is executed, as drawing 4 explained, the value of the program counter 
which had shunted to the stack will return to PC 12, and the increment of the value of the stack 
pointer stored in SP14 will be carried out only for wordsize (4). 
[0179] Drawing 16 is a flow chart Fig. for explaining actuation of a ret instruction. 
[0180] Before activation of said instruction, the address of a stack with which the return point 
address to the called routine was stored is in the stack pointer stored in SP14 very. 
[0181] The stack pointer stored in SP14 at the beginning of activation of said instruction is 
outputted to XA_BUS78 (step 290). And the stack pointer on XA_BUS78 is outputted to 
D_ADDR_BUS96 (step 292). And the data reading request signal from CPU to BCU60 becomes 
active, and the read cycle of external memory is performed. That is, said BCU60 reads said 
return address from the stack prepared in memory by making said stack pointer into a memory 
address based on this request signal. Said return point address read from memory (RAM) 50 is 
crowded for the interior of CPU through the DIN signal line 86 from D_DATA_BUS94, and is 
further outputted to I__ADDRJBUS92 through the IA signal line 82 from a DIN signal line (step 
294). And the instruction read-out request signal from CPU to BCU60 becomes active, the read 
cycle of external memory (ROM) 52 is performed, and the object code of an instruction of the 
return point address is read (step 296). 
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[0182] And the value of the stack pointer on XABUS78 serves as one input of said address 
adder 30. Moreover, the constant data (+4) which the immediate generation machine 22 
generated serve as an input of another side of the address adder 30. And the value of the stack 
pointer on said XA_BUS78 and +4 are added with the address adder 30, the address of the head 
area of the stack area which the routine of the return point secured is generated, and it is 
outputted to WW_BUS76 (step 298). And said address on WW_BUS76 (address of the head 
area of the stack area which the routine of the return point secured) is outputted to SP14 (step 
300). 

[0183] (8) Without especially CPU of a RISC method having many general -purpose registers in 
the interior in order [ latest ] to raise the engine performance, and accessing memory, as the 
continuation push instruction (pushn) and the continuation pop instruction (popn) carried out the 
explanation above-mentioned, it is constituted so that many may be processed at a high speed 
inside CPU. This example also has 16 general-purpose registers in the interior, and is attaining 
improvement in the speed of processing. However, if it has many internal registers in this way, 
the number of registers which should be evacuated will increase in the case of interruption 
processing or processing of the register evacuation at the time of a subroutine call, and 
restoration. 

[0184] When shunting and restoration of such a register were performed, the push instruction 
which stores in a stack the contents specified by the address part, and the pop instruction which 
takes out the contents of the stack to a register were used conventionally. The motion at the time 
of a common push instruction and a pop instruction is explained here. 

[0185] Drawing 1 7 (A) and (B) are drawings having shown typically the motion at the time of a 
push instruction execution, and drawing 1 8 (A) and (B) are drawings having shown typically the 
motion at the time of a pop instruction execution. The motion in the case of performing a data 
transfer between two or more general-purpose registers and a stack is explained using drawing 
17 (A), (B), and drawing 18 (A) and (B). 

[0186] Drawing 1 7 (A) shows the motion when 'push Rl' which is the instruction which writes 
out the contents of the general-purpose register Rl to a stack is performed. SP'sl4 contents are 
updated by the value by which 4 was subtracted from the current value at the time of activation 
of this instruction (1000 is updated by 996 as shown in drawing 17 (A)). And the contents a of 
the general-purpose register Rl are written in 996 which is the memory address which SP'sl4 
updated stack pointer shows. 

[0187] Drawing 17 (B) shows the motion when 'push R2 f which is the instruction which writes 
out the contents of the general-purpose register R2 to a stack further is performed. SP'sl4 
contents are updated by the value by which 4 was subtracted from the current value at the time of 
activation of this instruction (996 is updated by 992 as shown in drawing 17 (B)). And the 
contents b of the general-purpose register R2 are written in 992 which is the memory address 
which SP'sl4 updated stack pointer shows. 

[0188] Drawing 18 (A) shows the motion when 'pop R2' which is the instruction which takes out 
the contents of the stack to a general-purpose register R2 is performed. At the time of activation 
of this instruction, the contents b stored in the memory address 992 which SP'sl4 stack pointer 
shows are taken out, and it is stored in a general-purpose register R2. And SP'sl4 contents are 
updated by the value with which 4 was added to the current value ( drawing 1 8 (A) it is updated 
by 996 after activation that it was front [ activation ] 992 so that it might be shown). 
[0189] Drawing 18 (B) shows the motion when 'pop Rl' which is the instruction which takes out 
the contents of the stack to a general-purpose register Rl further is performed. At the time of 
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activation of this instruction, the contents a stored in the memory address 996 which SP'sl4 stack 
pointer shows are taken out, and it is stored in a general-purpose register Rl. And SP'sl4 
contents are updated by the value with which 4 was added to the current value (it is updated by 
1000 after activation that it was front [ activation ] 996 as shown in drawing 18 (B)). 
[0190] Thus, it was required to repeat a push instruction and a pop instruction two or more times, 
and to execute them conventionally, when performing a data transfer by two or more general- 
purpose registers and stacks. It is because only one register operated the push instruction and the 
pop instruction with one instruction. 

[0191] Therefore, when restoration processing from shunting and the stack to a stack was 

performed to many registers, increase of the size of object code was caused by the increment in 

the number of instructions. Moreover, the program execution step also increased and delay of 

program execution time amount and processing actuation was caused. 

[0192] There The instruction set shown below is prepared in CPU of this example. 

[0193] pushn%Rs --(18) 

popn%Rd --(19) 

(18) shows description of the assembler of a continuation push instruction, and is an instruction 
which pushes continuously the contents of n general-purpose registers (n is the natural number of 

I to 16) from %Rs to R0 to a stack. (19) shows description of the assembler of a continuation 
pop instruction, and is an instruction which carries out pop [ of the n WORD data (n is the 
natural number of 1 to 16) ] from a stack to the general-purpose register from %Rd to R0 
continuously. Each of pushn(s) and popn instructions consists of an operation code and an 
operand. % Rs shows the register number of Rs in the case of writing from register %Rs to R0 in 
a stack with the operand of a pushn instruction. % Rd shows the register number of Rd in the 
case of bringing data from a stack to the register from R0 to %Rd with the operand of a popn 
instruction. 

[0194] The bit map of pushn and a popn instruction is shown in drawing 19 . The code which 
shows %Rs or %Rd goes into the 4-bit low-ranking field, and the register of the arbitration of the 
general-purpose register which has 16 can be specified. When carrying out a data transfer 
between a special register and a stack, it carries out through a general-purpose register. 
[0195] Drawing 20 is a block diagram for explaining the hardware configuration for executing a 
continuation push instruction (pushn) and a continuation pop instruction (popn). A part required 
for explanation of a continuation push instruction (pushn) and a continuation pop instruction 
(popn) is taken out from drawing 1 , and it has the composition of having added the part required 
for explanation. The number same about what points out the same part as drawing 1 is attached. 

I I is 16 general-purpose registers of R15 out of [R0 ] drawing. A general-purpose register 1 1 
performs I/O of a data bus (DJDATAJBUS) 98 and data. Moreover, the register-select address 
signal 54 which chooses a register comes from the control circuit block 45. As for 14, the stack 
pointer is stored by SP. SP'sl4 value can be outputted to the internal address bus (XA_BUS) 78 
connected with an address bus (D_ADDR_BUS) 96 at the input of the 32-bit address adder 30. 
Another input of the address adder 30 is connected to the offset signal 24 outputted from the 
control circuit block 45. The output of the address adder 30 is latched by latch (AddJLT) 32, and 
is further outputted to XA_BUS78 or WW_BUS76. WW_BUS76 is connected to SP'sl4 input. 
The 4-bit counter (countx) 46 is in the control circuit block 45, and the number of registers to 
transmit is counted. Moreover, although not shown by drawing 20 during the control circuit 
block 45, while there is an instruction register and holding pushn, O ** land %Rs of a popn 
instruction, and %Rd, the control signal according to each instruction is outputted by the 
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instruction decoder. 60 in drawing controls I/O of data with the memory (RAM) 50 including 
external stack area by the bus control unit (BCU), and outputs READ and a WRITE control 
signal. 

[0196] The actuation at the time of activation of a continuation push instruction (pushn) is 
explained first. 

[0197] If a continuation push instruction (pushn) is executed, as drawing 4 explained, the 
contents stored in the general-purpose register from the general-purpose register of the register 
number of %Rs to a general-purpose register R0 will be continuously pushed by the stack. 
[0198] Drawing 21 is a flow chart Fig. for explaining actuation of a pushn instruction. 
[0199] offset of the offset signal 24 is set to -four to the beginning of activation of a pushn 
instruction. A counter (countx) 46 is cleared by zero and the stack-pointer value stored in SP14 is 
outputted to XAJBUS78 (step 100). 

[0200] Next, the address adder 30 adds the value on XA_BUS78, and -4, and puts a result into 
latch (Add_LT) 32 (step 101). 

[0201] Latch's (Add_LT) 32 value is outputted to address bus D_ADDR_BUS96. In the control 
circuit block 45, the difference of %Rs and a counter (countx) 46 held at 4 bits of low order of an 
instruction register is calculated, and a result is outputted to the register-select address signal 54. 
The register chosen by 54 is put on a data bus (D_DATA_BUS) 98, and write-in actuation of 
external memory (RAM) 50 is carried out (step 102). 

[0202] Step 103 compares %Rs with a counter (countx) 46. When equal, it has completed, and 
the writing to the external memory of a register writes latch f s (Add_LT) 32 value in SP14 
through WW_BUS76, and finishes activation of pushn (step 104). 

[0203] When not equal, a counter (countx) is carried out plus 1, latch's (Add_LT) 32 value is 

outputted to XA_BUS78, and the processing after step 101 is repeated (step 105). 

[0204] Next, the actuation at the time of activation of a continuation pop instruction (popn) is 

explained. 

[0205] If a continuation pop instruction (popn) is executed, as drawing 4 explained, the contents 
of the stack will be continuously pushed by the general-purpose register of the register number of 
%Rd from a general-purpose register R0. 

[0206] Drawing 22 is a flow chart Fig. for explaining actuation of a popn instruction. 
[0207] The offset signal 24 is set to +4 to the beginning of a popn instruction. The zero clear of 
the counter (countx) 46 is carried out, and the value of SP'sl4 stack pointer is outputted to 
XA_BUS78 and an address bus (D_ADDR_BUS) 96 (step 110). 

[0208] Next, the address adder 30 adds the value on XA__BUS78, and +4, and puts a result into 
latch (Add_LT) 32 (step 111). 

[0209] Next, the read cycle of external memory is performed. The led data are written in a 
general-purpose register 1 1 through a data bus (D_DATA_BUS) 98. At this time, a counter 
(countx) 46 is outputted to the register-select address signal 54 by the control circuit block 45 
(step 112). 

[0210] Step 113 compares %Rs with a counter (countx) 46. When equal, it has completed, and 
the writing to the external memory of a register writes latch's (AddJLT) 32 value in SP14 
through WW_BUS76, and finishes activation of popn (step 1 14). 

[021 1] When not equal, a counter (countx) is carried out plus 1, latch's (AddJLT) 32 value is 
outputted to XA_BUS78 and an address bus (D_ADDR_BUS) 96, and the processing after step 
1 1 1 is repeated (step 1 1 5). 

[0212] Thus, the register from %Rs to R0 can be written in a stack by 'pushn %Rs', and the data 
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of the required number can be returned to the register from R0 to %Rd from a stack by 'popn 
%Rd\ For example, from the register R3 to R0 can be pushed by one instruction by activation of 
'pushn%R3\ 

[0213] Still more effective effectiveness occurs by adding one constraint to how using a register 
in here. That is, although shunting and restoration of a register are needed especially when the 
programs at interruption processing, the time of a subroutine call, etc. branch to other routines, it 
is desirable to go a register by routines called, such as an interruption routine besides this time or 
a subroutine, using order from R0. If it does in this way, the register which does not have the 
need for evacuation in Rd or Rs is not contained from R0, but shunting or a return of a register 
can be efficiently performed using a pushn instruction and a popn instruction. Since it has the 
same function and there is no constraint in an instruction the direction using a register, such 
constraint does not have any problem and each register can fill it with this example. 
[0214] Therefore, by using a pushn instruction and popn instruction of this example, pushn and 
popn are one instruction respectively and the evacuation to the stack in memory from a register 
and restoration of the data from a stack to a register can perform them. For this reason, object 
code size and a program execution step are made into the minimum, and only one data transfer of 
an instruction fetch and a required count is made to require, and an execution cycle can be 
performed in the minimum cycle. Thereby, processing of an interrupt handler or a subroutine can 
also attain improvement in the speed. 

[0215] On the other hand, the components which realize this are only a count means and easy 
sequence control, and it can realize with the small gate number and they fit the microcomputer of 
a one chip. 

[0216] Moreover, although this example explained the configuration for performing the 
continuation push instruction (pushn) at the time of using the register SP 14 only for stack 
pointers, and a continuation pop instruction (popn), also when using a general-purpose register as 
a stack pointer, it can apply. 

[0217] (Example 2) Drawing 23 is the hardware block diagram of the microcomputer of this 
example. 

[0218] This microcomputer 2 is a 32-bit microcontroller, CPU10, ROM52, RAM50 and the RF 
oscillator circuit 910, the low frequency oscillator circuit 920, a reset circuit 930, the 950 or 8 bit 
programmable timer 960 of 940 or 16 bit programmable timers of prescalers, the clock timer 
970, Intelligent DMA980, a high speed DMA 990, the interruption controller 800, serial 
interface 810, a bus control unit (BCU) 60, A/D converter 830, D/A converter 840, input port 
850, an output port 860, I/O Port 870 and the various buses 92, 94, 96, and 98 which connect 
them, and various pin 890 grades are included. 

[0219] Said CPU 10 performs decode of various kinds of instructions only for stack pointers 
which had and mentioned above SP who is a stack-pointer dedicated register, and activation. 
This CPU 10 has the configuration of an example 1 mentioned above, and functions as said 
decode means and said activation means. 

[0220] Therefore, by the short instruction length, the processing which deals with a stack pointer 
can be memorized efficiently, and the microcomputer of this example can perform it. 
[0221] Moreover, processing of register evacuation or register restoration can be memorized 
efficiently, and interruption processing and processing of a subroutine call return can be 
performed at a high speed. 

[0222] The microcomputer of this invention is applicable to personal computer peripheral 
devices, such as a printer, and various kinds of electronic equipment, such as a pocket device. If 
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it is made this appearance, since the utilization ratio of memory can build well the information 
processing circuit which can perform processing in a high speed with an easy configuration, 
cheap and highly efficient electronic equipment can be offered. 

[0223] In addition, what [ not only ] was explained in the above-mentioned example but various 
deformation implementation is possible for this invention. 


TECHNICAL FIELD 


[Field of the Invention] This invention relates to the electronic equipment constituted using the 
microcomputer which contains an information processing circuit and said information processing 
circuit, and this microcomputer. 


TECHNICAL PROBLEM 


Background Art and Problem(s) to be Solved by the Invention] Conventionally, in the 
microcomputer of a RISC method which can process 32-bit data, the fixed-length instruction of 
32-bit width of face was used. The reason is that the time amount which decoding of an 
instruction takes can be shortened compared with the case where a variable-length instruction is 
used, and it can make the circuit scale of a microcomputer small if a fixed-length instruction is 
used. 

[0003] However, also in a 32-bit microcomputer, there are also many instructions which are not 
needed especially 32 bits. Therefore, if 32 bits describes all instructions, the instructions which a 
redundant part produces in an instruction will increase in number, and the utilization ratio of 
memory will worsen. 

[0004] then, this invention - the person was performing examination about the microcomputer 
which processes the fixed-length instruction of bit width of face shorter than the bit width of face 
of the data which can be processed in order to raise the utilization ratio of memory,^ without 
complicating a control circuit. 

[0005] However, if 32 bit fixed lengths instruction is only made into a 16-bit fixed length, for 
example, the following troubles will arise. 

[0006] That is, in the microcomputer of a RISC method, in order to think the versatility of 
processing and an instruction set as important, when processing which deals with a stack pointer 
was performed, said processing was performed using the instruction which makes a general- 
purpose register applicable to actuation, using one of general-purpose registers as a stack pointer. 
Therefore, assignment of the general-purpose register currently used as a stack pointer is needed 
for that of said instruction at the time of describing such processing. 

[0007] For example, when the instruction which makes a general-purpose register applicable to 
actuation describes the processing which transmits the data specified by the memory address 
which applied the given offset value to the stack pointer to a given register, said offset value, the 
information which specifies said given register, and the information which specifies the register 
currently used as a stack pointer are needed for the object code of the instruction. 
[0008] Thus, since the information specified by object code increases when describing the 
processing which deals with a stack pointer with the instruction which makes a general-purpose 
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register applicable to actuation, it becomes difficult to describe the contents of the instruction by 
the 16-bit fixed length. Also especially into an instruction, if an instruction length is made into 
32 bits here, since an instruction also has many instructions which are not needed 32 bits, the 
instructions which produce a redundant part will increase in number, and aggravation of the 
utilization ratio of memory will be invited to an instruction. 

[0009] Moreover, since the memory which stores it is also too much needed if an instruction 
length becomes long, it is desirable that not only a fixed-length instruction but an instruction 
length can be shortened from a viewpoint of efficient use of memory. 

[0010] Moreover, since the instructions which deal with a stack pointer increase in number when 
performing the program described in the language in which it relates with a stack pointer, for 
example like C, and the storage region of an auto variable is secured, it is desirable to describe 
efficiently the instruction which deals with a stack pointer, and to perform it. 
[001 1] Then, when processing which deals with a stack pointer was performed, by the shortest 
possible instruction length, the contents of an instruction were described and architecture which 
can be performed was desired. 

[0012] Moreover, especially CPU of a RISC method came to have many general-purpose 
registers in the interior in order [ latest ] to raise the engine performance. It is because many 
processings are made to a high speed inside CPU, without accessing memory by having many 
registers in the interior. Thus, if it has many internal registers, the number of registers which 
should be evacuated will increase in the case of interruption processing or processing of the 
register evacuation at the time of a subroutine call, and restoration. 

[0013] The conventional example is explained taking the case of shunting of the register which 
uses it abundantly in case going into a subroutine also in a stack system instruction **** is 
sufficient hereafter and it carries out, and return instruction. 

[0014] Usually, the instruction set of a microcomputer shunts to the stack which prepared the 
register of CPU in memory, or has the instruction for restoring. There is a thing with an 
instruction of dedication for that or a thing with a register indirect-addressing instruction. 
[0015] As a technique about the instruction for [ said ] shunting or restoring, "80386 Pro 
gramine" (John H.Crawford Patric P.Gelsigner work Iwatani ** translation) has the following 
description about 80386 of Intel. 

[0016] That is, it is an instruction which writes a register in a stack. There are push, pusha, and 
pushad and there are pop, popa, and popad as an instruction for returning data to a register from a 
stack. 

[0017] When writing a register in a stack with a push instruction push EAX A register is 
specified as an operand like. This is the case of the 32-bit register EAX. It is push when writing 
Registers EAX, ECX, EDX, and EBX to a stack altogether. EAXpush ECXpush EDXpush A 
push instruction is repeated like EBX. 

[0018] Thus, if it is operating one register at a time with push and a pop instruction, the size of 

object code will become large, and a program execution step will also increase, therefore 

program execution time amount and processing actuation will become slower. 

[0019] then, all eight general-purpose registers that 80386 has - a stack - writing in - pusha or - 

- pushad An instruction is used, pusha targets the 16 bit register of low order of each of eight 

registers 32 bits for pushad. It is omissible to repeat a push instruction 8 times by pusha and 

pushad. 

[0020] The same is said of pop, popa, and a popad instruction. 

[0021] In order to fetch the disadvantageous point of repeating a push instruction that a program 
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code becomes long and the whole instruction and to perform it, it is that activation is slow. This 
point is greatly improved by said pusha and pushad, when writing all of said eight registers in a 
stack. However, when writing in less than eight register like the case of four, or the case of six, 
this point does not improve. 

[0022] That is, also when all registers are operated with pusha, pushad, popa, and a popad 
instruction like 80386 and there is no need of evacuating and restoring all the registers, the late 
long instruction of this cycle must be used. In such a case, although an instruction can be 
managed with one instruction, the problem of becoming long produces the execution cycle of 
this instruction. 

[0023] Moreover, in case it branches to a subroutine by a call instruction, a return instruction, 
etc. or returns to the called routine, shunting of a program counter and the restorative processing 
which are needed as the return point address are needed. In CPU of the conventional RISC 
method, these processings were realized by software. That is, shunting of said program counter 
and restorative processing were performed by executing assembler instruction (object code) 
which described this processing. For this reason, the call instruction and the return instruction 
caused the increment in object code, and in order to fetch the whole instruction and to perform, 
they had caused slowdown of execution speed. 

[0024] The purpose of this invention is offering the information processing circuit which has the 
architecture which can describe efficiently the processing which deals with a stack pointer by the 
short instruction length, and can perform it, a microcomputer, and electronic equipment. 
[0025] Again Other purposes of this invention are describing processing of register evacuation or 
register restoration efficiently, and offering interruption processing and the information 
processing circuit where the processing speed of a subroutine call return is quick, a 
microcomputer, and electronic equipment. 


MEANS 


[Means for Solving the Problem] This invention is characterized by to have the object code 
which makes an implied operand the stack-pointer dedicated register only used for stack 
pointers, and this stack-pointer dedicated register, to decode the object code of the instruction 
group only for stack pointers the processing based on this stack-pointer dedicated register was 
described to be, and to include a decode means output a control signal based on this object code, 
and an activation means perform said instruction group only for stack pointers based on the 
contents of said control signal and said stack-pointer dedicated register. 

[0027] Although the thing of the program code obtained as a result of translating object code into 
an absolute language by the compiler generally in here is said, in this invention, it is used with 
the large concept which contains the program code described in the absolute language not related 
in the paddle by the compiler. 

[0028] The information processing circuit of this invention has a stack-pointer dedicated register 
only for stack pointers, and it is constituted so that decode of the instruction group only for stack 
pointers which makes this stack-pointer dedicated register applicable to actuation, and activation 
may be performed. 

[0029] Since said instruction group only for stack pointers has the operation code of the 
dedication for dealing with a stack-pointer dedicated register, it does not need the information for 
specifying a stack pointer for the operand of object code. In other words, said instruction group 
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only for stack pointers makes the stack-pointer dedicated register the implied operand. For this 
reason, compared with the case where a stack pointer is operated using the instruction which 
makes one of the general-purpose registers addressing to a rate, and makes a general-purpose 
register applicable to actuation at a stack pointer, the instruction which deals with a stack pointer 
by the short instruction length can be described. 

[0030] Therefore, according to this invention, the information processing circuit which can 
describe and perform processing which deals with a stack pointer by the short instruction length 
can be offered. Moreover, the good information processing circuit of the utilization ratio of the 
memory which memorizes an instruction can be offered. 

[0031] This invention includes the load instruction to which said instruction group only for stack 
pointers has transfer register specific information in object code. When said decode means 
decodes said load instruction and said activation means executes said load instruction, Either [ at 
least ] the data transfer from the first area to the first given given register on memory, or the data 
transfer from said first given register to said first given area It is characterized by carrying out 
based on the register address specified by the memory address specified with said stack-pointer 
dedicated register, and said transfer register specific information. 

[0032] Said load instruction included in said instruction group only for stack pointers in here is 
an instruction which performs a data transfer between memory and a register, and is a concept 
including either [ at least ] the transfer to a register from memory, or the transfer to memory from 
a register. In addition, it is the concept which also contains address data regardless of the 
contents of data. A memory address means the address for pinpointing the area on the memory in 
the case of a transfer. 

[0033] Since said load instruction has the operation code of the dedication for making a stack- 
pointer dedicated register applicable to actuation, it does not need the information for specifying 
a stack pointer for the operand of object code. For this reason, when making data transfer 
processing perform between the area on the memory which has the memory address related with 
the stack pointer, and a register, a short instruction length can describe. 
[0034] This invention includes the offset information said whose load instruction is the 
information about the offset for specifying the address of said first area on said memory in object 
code, and said activation means is characterized by specifying said memory address using the 
contents and said offset information on said stack-pointer dedicated register. 
[0035] In here, what specified the offset value by the direct immediate is sufficient as offset 
information, and the case where it specifies indirectly like [ in the case of specifying the 
addresses, such as a register with which the offset value was stored ] is sufficient as it. When said 
load instruction including offset information is executed, said memory address which is needed 
in case it is a transfer is specified based on the contents and offset information on a stack-pointer 
dedicated register. 

[0036] Therefore, when making data transfer processing perform between the area on the 
memory which has the memory address specified based on a stack pointer and said offset 
information, and a register, a short instruction length can describe. 

[0037] Moreover, according to this invention, also in the information processing circuit of the 
structure where a stack pointer always puts the word boundary, for example, it becomes possible 
by specifying suitable offset information to specify the area of the arbitration on a stack. For this 
reason, according to the size of data, it can store in a stack efficiently, and improvement in the 
utilization ratio of a stack can be aimed at. 

[0038] Including the immediate offset information that said offset information was given by the 
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immediate, and the data size information about the size of the given data on memory, based on 
said immediate offset information and said data size information, said activation means carries 
out the left logic shift of said immediate offset information, and generates an offset value, and 
this invention is characterized by to specify said memory address with the value adding the 
contents and said offset value of said stack-pointer dedicated register. 

[0039] In here, immediate offset information means what specified the offset value by the direct 
immediate. Moreover, data size information means the size of the memory top data which should 
be transmitted. Usually, data size is expressed with 2n (n is three or more), such as 8-bit cutting 
tool data, and 16 bits halfword data, 32-bit WORD data. The address on memory is given per 
cutting tool, halfword data are set on a halfword boundary, and WORD data are set to the word 
boundary. Therefore, 1 bit of the low order of the memory address of halfword data is set to 0, 
and 2 bits of the low order of the memory address of WORD data are set to 00. Since the address 
of a stack pointer has pointed out the word boundary, 1 bit of the low order of the offset value in 
the case of generating the memory address of halfword data is set to 0, and 2 bits of the low 
order of the offset value in the case of generating the memory address of WORD data are set to 
00. 

[0040] Moreover, a left logic shift shifts the bit string of data on the left, and means the shift in 
which 0 goes into the vacancy bit (shift in bit) which comes out to the right-hand side of data by 
shift. 

[0041] According to this invention, since the left logic shift of said offset immediate information 
is performed based on data size, with data size, the bit of the low order decided uniquely can be 
omitted and immediate offset information can be described. Therefore, immediate offset 
information can be specified efficiently, and when it is data sizes other than a cutting tool, 
compared with the case where it specifies as it is, assignment becomes possible at a larger offset 
value. 

[0042] Moreover, by using this instruction, the suitable boundary location according to the data 
size will be chosen at the time of the writing to the memory of data, and read-out. 
[0043] This invention is characterized by changing the contents of said stack-pointer dedicated 
register based on said migration information, in case said decode means decodes said stack- 
pointer migration instruction and said activation means executes said stack-pointer migration 
instruction including a stack-pointer migration instruction for said instruction group only for 
stack pointers to have migration information in object code, and move a stack pointer to it. 
[0044] Since said stack-pointer migration instruction has the operation code of the dedication for 
making a stack-pointer dedicated register applicable to actuation, it does not need the 
information for specifying a stack pointer for the operand of object code. For this reason, a short 
instruction length can describe to move a stack. Therefore, the amount of description of the 
instruction at the time of processing the data memorized by relating with the processing of data 
and the stack pointer which are stored in the stack is reducible. 

[0045] Since migration of a stack can carry out easily according to this invention, it is effective 
when processing by securing stack area which is different in an especially different routine, 
respectively. That is, by performing processing to which a stack pointer is moved for every 
routine, it becomes addressable over a wide range field. 

[0046] This invention is characterized by processing at least one side of the processing to which 
said instruction-execution means subtracts said immediate migration information from the 
contents of the processing adding said immediate migration information and contents of said 
stack-pointer dedicated register, and said stack-pointer dedicated register including the 
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immediate migration information that said migration information was given by the immediate. 
[0047] According to this invention, only a part to have specified the value of a stack pointer for 
immediate migration information can describe the upper part or the processing to which it is 
made to move caudad by the short instruction length. 

[0048] This invention contains two or more registers which were able to be continuously set in 
order. Said instruction group only for stack pointers Either [ at least ] the continuation push 
instruction which has two or more register specific information in object code, or a continuation 
pop instruction is included. Said decode means decodes either [ at least ] said continuation push 
instruction or a continuation pop instruction. When said instruction-execution means executes 
either [ at least ] said continuation push instruction or said continuation pop instruction, At least 
one side of the processing which carries out multiple-times pop succeeding said two or more 
registers from the processing which carries out a multiple-times push from said two or more 
registers continuously to the stack prepared in memory, and said stack It is characterized by 
attaining to the memory address specified according to the contents of said stack-pointer 
dedicated register, and carrying out based on said two or more register specific information. 
[0049] As for a push, taking out data from said stack as it is pop means accumulating and storing 
data in the stack prepared in memory. With the processing pushed in here, and the processing 
which carries out pop, said storing and processing of ejection, and an update process of the stack 
pointer accompanying it are included. The usual information processing circuit has the push 
instruction for storing data and the address in a stack from the register of 1, and the pop 
instruction which takes out the contents of the stack to a register. This push instruction and a pop 
instruction update the stack pointer accompanying an exchange of the data of a register and a 
stack, and this exchange. 

[0050] Therefore, in exchanging data etc. by two or more registers and stacks, it is necessary to 
carry out multiple-times activation of these instructions. 

[0051] However, according to this invention, if said continuation push instruction and said 
continuation pop instruction are executed, the same effectiveness as the case where multiple- 
times activation of the case where multiple-times activation of the push instruction is carried out 
continuously, or the pop instruction is carried out continuously will be acquired. That is, renewal 
of the stack pointer accompanying an exchange and this exchange of the data between two or 
more registers and a stack can be performed with one instruction. For this reason, when 
performing the data transfer between two or more registers and a stack, it can prevent object 
code size increasing by repeating a push instruction or a pop instruction. Moreover, improvement 
in the processing speed of interruption processing and a subroutine call return can be aimed at, 
without avoiding that a program execution step becomes long and consuming a useless cycle. 
[0052] This invention contains n general-purpose registers specified by the register numbers 
from 0 to n-1. One [ at least ] object code of said continuation push instruction and a 
continuation pop instruction as said two or more register specific information The last register 
number as which either of said register numbers was specified is included. At least one side of 
the processing which carries out multiple-times pop succeeding said two or more registers from 
the processing in which said activation means carries out a multiple-times push continuously to 
the stack prepared in memory from two or more registers to the register specified by said last 
register number from a register 0, and said stack It is characterized by carrying out based on the 
memory address specified according to the contents of said stack-pointer dedicated register. 
[0053] Usually, when there are two or more general-purpose registers, it has the address for 
specifying a register. By this invention, said register is specified by the register number followed 
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from 0 to n-1. 

[0054] According to this invention, either [ at least ] processing which pushes data between two 
or more registers and memory which were followed from a register 0 to said last register number, 
or processing which carries out pop is performed by specifying the register number of arbitration 
as said last register number. Therefore, in the program execution which has structure which uses 
a register in an order from the register of a register number 0, shunting and restoration of a 
register can be performed efficiently. 

[0055] The write-in means which writes the contents of the register of two or more of said 
registers either given [ this invention ] in said activation means in the stack prepared in memory 
based on the memory address specified with said stack-pointer dedicated register, A count count 
means of writing to count the count of writing to said stack by said write-in means, A 
comparison means to compare the value of said count of writing counted with said count means 
and said two or more register specific information is included. A write-in memory address 
generation means by which said write-in means generates the write-in memory address for 
adding the first input and second input with an adder, and specifying a writing place, It controls 
so that the first input of said adder serves as the contents of the stack-pointer dedicated register at 
the time of activation initiation of the instruction only for continuation. The first [ which was 
generated by the write-in address-generation means after it ] input-control means controlled to 
write in and to become the address, The second input-control means which outputs the offset 
value when writing 1 word in the second input of said adder from said stack, The contents of the 
register specified with the value which subtracted said count of writing from said two or more 
register specific information Based on the comparison result of said comparison means, it is 
characterized by controlling two or more writing to said stack from a register and write-in 
termination including the means written in said stack based on said write-in memory address. 
[0056] Moreover, this invention reads the contents of the stack by which said instruction- 
execution means was formed in memory based on the memory address specified with said stack- 
pointer dedicated register. A read-out means to store in the either given register of two or more 
of said registers, A count count means of read-out to count the count of read-out from said stack 
by said read-out means, A comparison means to compare the value of said count of read-out 
counted with said count means and said two or more register specific information is included. A 
write-in memory address generation means by which said read-out means generates the write-in 
memory address for adding the first input and second input with an adder, and specifying a 
writing place, It controls so that the first input of said adder serves as the contents of the stack- 
pointer dedicated register at the time of activation initiation of the instruction only for 
continuation. The first [ which was generated by the read-out address-generation means after it ] 
input-control means controlled to read and to become the address, The second input-control 
means which outputs the offset value when writing 1 word in the second input of said adder from 
said stack, The contents of said stack are read based on said read-out memory address. Based on 
the comparison result of said comparison means, it is characterized by controlling read-out and 
read-out termination of the contents of said stack including a read-out means to store in the 
register specified based on said count of writing. 

[0057] If it does in this way, the restoration to two or more registers specified with the value 
which continued from shunting or the stack to the stack of two or more registers systematically 
specified with the continuous value is realizable only by the count means and easy sequence 
control. Therefore, since it is realizable in the information processing circuit of the small gate 
number, it is suitable for the microcomputer of a one chip etc. 
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[0058] This invention contains the program counter register only for program counters. The 
branch instruction said whose instruction groups only for stack pointers are the instruction which 
branches to a subroutine, and a return instruction from said subroutine is included. When said 
decode means decodes said branch instruction and said instruction-execution means executes 
said branch instruction, At least one side of the return to shunting of the contents of said program 
counter register to the second given area of the stack prepared in memory, and the program 
counter register of the contents of said second area It is characterized by including the means 
performed based on the memory address specified with said stack-pointer dedicated register, and 
a means to update the contents of said stack-pointer dedicated register based on said shunting 
and said return. 

[0059] In here, interruption processing, exception handling, a debugging manipulation routine, 
etc. are included with a subroutine. Therefore, with the instruction which branches to a 
subroutine, the software interrupt instruction for branching to an instruction, interruption 
processing, exception handling, a debugging manipulation routine, etc. which call a subroutine 
etc., a software debugging interruption instruction, etc. are included. Moreover, the return 
instruction from interruption processing, exception handling, a debugging manipulation routine, 
etc. is included in a return instruction from a subroutine. 

[0060] Usually, when returning from the case where it branches to a subroutine, or said 
subroutine, shunting and a return of a program counter are needed. 

[0061] In this invention, in case the instruction which carries out a return from the activation and 
the subroutine of an instruction which branch to said subroutine is executed, shunting and a 
return of said program counter are also performed to coincidence. That is, the information 
processing circuit of this invention has circuitry which can perform shunting and a return of a 
program counter with the instruction which branches to a subroutine, and any 1 instruction of the 
return instruction from said subroutine. For this reason, shunting of said program counter which 
is needed in connection with the return from branching and the subroutine to a subroutine, and an 
instruction of a return become unnecessary, and the number of instructions can be reduced. 
Moreover, improvement in the processing speed at the time of branching can be aimed at to other 
routines, such as a subroutine call return, without consuming a useless cycle. 
[0062] Moreover, when a software interrupt instruction is generated, shunting and the return 
holding the current condition of information processing circuits, such as CPU, of a processor 
status register are also needed. Therefore, in a software interrupt instruction etc., it is desirable 
that it is made to perform shunting and a return of a processor status register to coincidence at the 
time of activation of this instruction. 

[0063] This invention is an information processing circuit containing the stack pointer assigned 
to two or more registers which were able to be continuously set in order, and one of general- 
purpose registers. The object code of one [ at least ] instruction of the continuation push 
instruction which has two or more register specific information in object code, and a 
continuation pop instruction is decoded. When at least one side of a means to output a control 
signal based on this object code, and said continuation push instruction and said continuation pop 
instruction is performed, At least one side of the processing which carries out multiple-times pop 
succeeding said two or more registers from the processing which carries out a multiple-times 
push from said two or more registers continuously to the stack prepared in memory, and said 
stack It is characterized by including the means performed based on the memory address 
specified according to the contents of said control signal and said stack-pointer dedicated 
register, and said two or more register specific information. 
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[0064] This invention relates to said continuation push instruction and said continuation pop 
instruction in the case of using a general-purpose register as a stack pointer. 
[0065] According to this invention, if said continuation push instruction and said continuation 
pop instruction are executed, the same effectiveness as the case where multiple-times activation 
of the case where multiple-times activation of the push instruction is carried out continuously, or 
the pop instruction is carried out continuously will be acquired. That is, renewal of the stack 
pointer accompanying an exchange and this exchange of the data between two or more registers 
and a stack can be performed with one instruction. For this reason, when performing the data 
transfer between two or more registers and a stack, it can prevent object code size increasing by 
repeating a push instruction or a pop instruction. Moreover, improvement in the processing speed 
of interruption processing and a subroutine call return can be aimed at, without avoiding that a 
program execution step becomes long and consuming a useless cycle. 
[0066] It is characterized by the information processing circuit 0 f ******** being a RISC 
method. 

[0067] The information processing circuit of a RISC method is designed for the purpose of 
miniaturizing hardware and attaining improvement in the speed. For this reason, it has many 
general-purpose registers and reduction of the number of instructions is aimed at by extracting an 
instruction set to the high thing of versatility. 

[0068] Therefore, in the information processing circuit of a RISC method, the stack pointer was 
assigned to the general-purpose register, and when a stack pointer was treated, it was processing 
using the instruction set treating a general-purpose register. However, by such approach, an 
instruction length becomes large, and the utilization ratio of memory is not good. 
[0069] According to this invention, in the information processing circuit of a RISC method, 
instruction lengths can be reduced and the utilization ratio of memory can be gathered. 
[0070] The information processing circuit of this invention decodes a fixed-length instruction, 
and is characterized by performing executive operation based on this instruction. 
[0071] If a fixed-length instruction is used, the time amount which decoding of an instruction 
takes can be shortened compared with the case where a variable-length instruction is used, and 
the circuit scale of an information processing circuit can be made small. When adopting a fixed- 
length instruction, in order to prevent making a redundant part to an instruction and to use 
memory efficiently, the number of bits required for each instruction has little dispersion, and its 
shorter possible one is desirable. 

[0072] According to this invention, generally, an instruction length can shorten the instruction 
length of an instruction which deals with the stack pointer which tends to become long. 
Therefore, even if it is the case where a fixed-length instruction is adopted, it can prevent making 
a redundant part to an instruction, and memory can be used efficiently. 

[0073] The microcomputer of this invention is characterized by including a means to perform I/O 
with the information processing circuit of this invention and storage means which were 
mentioned above, and the exterior. 

[0074] According to this invention, processing speed can offer a quick microcomputer with the 
sufficient utilization ratio of memory. 

[0075] The microcomputer of this invention is characterized by performing the program of the 
language which has the structure where relate with said stack pointer and the storage region of an 
auto variable is secured. 

[0076] There is C as language which has the structure where relate with a stack pointer and the 
storage region of an auto variable is secured and to carry out. When the microcomputer of this 
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invention processes the program of such language, processing speed and the utilization ratio of 
memory can be raised effectively. 

[0077] The electronic equipment of this invention is characterized by including the 
microcomputer of this invention mentioned above. 

[0078] According to this invention, since processing speed builds in the quick good information 
processing circuit of the utilization ratio of memory, cheap and highly efficient electronic 
equipment can be offered. 
[0079] 

[Embodiment of the Invention] Hereafter, this example is explained based on a drawing. 
[0080] (Example 1) 

(1) By the architecture of a load store mold, CPU of configuration this example of CPU of this 
example executes almost all instructions in 1 cycle with a pipeline. All instructions are described 
by the 16-bit fixed length, and the instruction which CPU of this example processes has realized 
very small object code size. 

[0081] Especially CPU of this example is constituted so that the instruction set of the instruction 
group only for stack pointers which has a register only for stack pointers in order to describe 
efficiently the processing which deals with a stack pointer and to perform it, and has the object 
code which makes this stack-pointer dedicated register an implied operand can be decoded and 
performed. 

[0082] Drawing 1 is drawing for explaining the outline of the circuitry of CPU of this example. 
[0083] A book CPU 10 contains a register set including SP14 who are a general-purpose register 
1 1, PC 12 with which the program counter is stored, the processor status register (PSR) 13, and a 
register only for stack pointers, an instruction decoder 20 and the immediate generation machine 
22, the address adder 30, ALU40, the PC incrementer 44 and the various internal buses 72, 74, 
76, and 78, the various internal signal lines 82, 84, and 86, and 88 grades. 
[0084] Said instruction decoder 20 decodes the inputted object code, performs processing 
required in order to execute this instruction, and outputs a required control signal. In addition, 
this instruction decoder 20 functions also as said decode means to decode the object code of the 
instruction only for said stack pointers, and to output a control signal based on this instruction. 
[0085] The immediate generation machine 22 generates the immediate data of 32 bits used at the 
time of activation based on the immediate contained in object code, or generates the constant 
data of 0 [ required for activation of each instruction ], ** 1, **2, and 4 [ **]. The PC incrementer 
44 updates the program counter stored in PC 12 based on the execution cycle of an instruction. In 
case the address adder 30 adds the immediate data generated with the information stored in 
various registers, or the immediate generation vessel 22 and reads data from memory, it 
generates required address data. ALU40 performs math processing and logical operation. 
[0086] Moreover, this CPU contains various buses and a signal line inside. PA_BUS72 and 
PB_BUS74 have the function to transmit the input signal of ALU40 etc. WW_BUS76 has the 
function which takes out the result of an operation of ALU40, and is transmitted to a general- 
purpose register. XAJBUS78 has the function to transmit the address data taken out from the 
general-purpose register 1 1 or SP 14 etc. The IA signal line 82 transmits address data to external 
I_ADDR_BUS92 from each part inside CPU. The DA signal line 84 transmits address data to 
external D_ADDRJBUS96 from each part inside CPU. The DIN signal line 86 transmits data to 
each part inside CPU from DJDATA_BUS98 of the CPU exterior. The DOUT signal line 88 
transmits data to external DJDATA_BUS98 from each part inside CPU. IA input change-over 83 
switches the various signals (PA_BUS72, WW_BUS76, PC12, PC+2) outputted to the IA signal 
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line 82. The DOUT input change-over 89 switches the various signals (PA_BUS72, 
WW_BUS76, PC 12, PC+2) outputted to the DOUT signal line 88. 

[0087] Moreover, said each part of CPU 10 functions based on the control signal which said 
instruction decoder 20 outputs also as said activation means to execute an instruction and to 
perform the instruction group only for stack pointers based on the contents of said control signal 
and said stack-pointer dedicated register. 

[0088] A book CPU 10 performs an exchange of the exterior and a signal through the instruction 
address bus (I_ADDR_BUS) 92 for the 16-bit instruction data bus (I_DATA_BUS) 94 and an 
instruction data access, the 32-bit data bus (D_DATA_BUS) 98, the data address bus 
(D_ADDR_BUS) 96 for a data access, and the control bus that is not illustrated for a control 
signal. 

[0089] (2) the explanation of a register set in which this example carries out CPU ** -- explain a 
part required about the outline of the register set which CPU of this example has next. 
[0090] The register set which CPU of this example has in drawing 2 is shown. CPU of this 
example has the register set which contains 16, and PC12, PSR13, SP14, ALR (arithmetic 
operation low register) 15 that is not illustrated and AHR (arithmetic operation high register) 16 
which is not illustrated for a general-purpose register 1 1 . 

[0091] said general-purpose register 1 1 - functional ~ a 32-bit equivalent register - it is - R0 to 
R15, and naming ******. This general-purpose register 1 1 is used at the time of a data operation 
and address computation. 

[0092] Moreover, PC 12 is the incremental counter of 32 bit length, and holds the program 
counter which is the address of the instruction under current activation. In the text, when 
pointing out a register name, it is called PC, and it is called a program counter when putting the 
value stored in PC. 

[0093] Direct access of this PC 12 cannot be carried out by a load instruction etc. If a call 
instruction, an int instruction, interruption, and an exception occur, a program counter will be 
read from PC 12 and will be evacuated to a stack. Thus, it will fly, if branch instruction is 
executed, and the point address is set as PC. It is also the same as when branching with a 
conditional-branching instruction. And the return point instruction address is read by a ret 
instruction and reti instruction from a stack, and returns to PC 12 with them. 
[0094] PSR (processor status register)13 is a 32-bit register to which the flag is assigned, and 
holds the current condition of CPU. If an int instruction, interruption, an exception, etc. occur, in 
case it will branch to each manipulation routine, the condition of PSR at that time is evacuated to 
a stack. Conversely, by activation of a reti instruction, the evacuated value returns to PSR. 
[0095] SP14 is a register only for [ of 32 bits ] stack pointers, and the stack pointer which puts 
the head address of a stack is stored. In the text, when pointing out a register name, it is called 
SP, and it is called a stack pointer when putting the value stored in SP. However, since the stack 
pointer has always pointed out the boundary of WORD, 2 bits of the low order of said stack 
pointer are always 0. 

[0096] This stack pointer is updated with activation of the various instructions included in the 
instruction group only for stack pointers currently prepared by this example, and generating of a 
trap. There are an instruction which branches to other routines, such as a call instruction and a ret 
instruction, as an instruction only for stack pointers which updates a stack pointer, a stack- 
pointer migration instruction, a pushn instruction, a popn instruction, etc. For example, if a call 
instruction is executed, the decrement (-4) of the stack pointer will be first carried out only for 
wordsize (4), and PC 12 will be evacuated to a stack. Moreover, if a ret instruction is executed, 
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the return point address will be conversely loaded to PC from a stack, and the wordsize part 
increment (+4) of the stack pointer will be carried out. When an int instruction is executed, or it 
interrupts and an exception etc. occurs, the value of PC or PSR is evacuated to a stack in the 
following procedures. 

[0097] 1) Evacuate PC to the head address of the stack to which it is pointed out with SP=SP-42 
stack pointer. 

[0098] 3) Evacuate PSR to the head address of the stack to which it is pointed out with SP=SP- 
44 stack pointer. 

[0099] If a reti instruction is executed, processing contrary to the above will be performed and 
CPU will return to a former condition. Thus, activation of a call instruction, a ret instruction, and 
an int instruction updates a stack pointer based on this activation. About the detail of each 
instruction, it mentions later. 

[0100] Moreover, in this example, a trap means what doubled the exception generated by 
activation of interruption and the instruction which are generated in activation of an instruction 
asynchronous. If a trap occurs, CPU will read a vector table from a trap table, after evacuating a 
program counter (PC) and a processor status register (PSR) to a stack, and will branch to the 
manipulation routine corresponding to the trap. With generating of a trap, IE bit in PSR (enable [ 
interruption ]) is cleared, and generating of mask possible interruption beyond it is forbidden. In 
order to enable again external interruption in which a mask is possible, 1 is written in and set as 
IE bit of PSR using the load instruction to PSR. 

[0101] A reti instruction is used in order to return to the original routine from trap processing. If 
a reti instruction is executed, CPU will branch to the return address while it is read from a stack 
in order of PSR and PC and returns PSR to the original value. In addition, there are a debugging 
exception, an address irregular train exception, an overflow exception, a division-by-zero 
exception, etc. as exception. 

[0102] Explanation is omitted about ALR (arithmetic operation low register) 15 and AHR 
(arithmetic operation high register) 16. 

[0103] The special registers PSR13, SP14, ALR15, and AHR16 which CPU has can perform 
data transfer between general-purpose registers using a load instruction. Each register has a 
special register number and is accessed using this number. 
[0104] 

A special register name Special register number The description approach processor status 
register of an assembler 0 % PSRSP 1 % SP arithmetic operation low register 2 % An ALR 
arithmetic operation high register From the lower part of the field which followed memory in the 
already kicked temporary storage, data accumulate a 3 %AHR (3) stack and the explanation 
stack about a stack pointer on ledged, and they are memorized. The stack pointer shows the 
address of the data memorized, the top, i.e., last, of a stack memory. 
[0105] General actuation of a stack pointer is explained using drawing 3 . 
[0106] 100 of drawing 3 expresses the stack area established in memory. Supposing a shadow 
area 102 is data stored at the end, the stack pointer stored in SP14 shows the memory address 
1000 of these data. In addition, the lower part field 104 of a shadow area 102 is a field where 
data are already stored, and the upper part field 106 of a shadow area 102 shows the field where 
data will be stored from now on. 

[0107] Since the stack pointer has always pointed out the boundary of WORD, when writing 
information in a stack, it stores information in the location where only 4 moves upwards the 
stack pointer with which SP14 was stored, and this stack pointer points to it. Moreover, when 
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taking out the information stored in the stack, the information on the address which current [ SP / 
14 ] shows is taken out, and only 4 moves downward the stack pointer stored in SP14. Thus, the 
stack pointer shows the storing address of the information always stored in the stack finally. 
[0108] (4) Although a general-purpose register is used as a stack pointer in CPU of the 
explanation usual RISC method about the instruction group only for stack pointers, in this 
example, it has SP14 who is a register only for stack pointers, and is set as the actuation object of 
said instruction group only for stack pointers. 

[0109] Said instruction group only for stack pointers is the generic name of two or more 
instructions which make an implied operand SP14 who is a register only for stack pointers, and 
operate it by being with SP14. This instruction group only for stack pointers includes the 
instruction which branches to other routines, such as SP relative load instructions (Id etc.), a 
stack-pointer migration instruction (add, sub), instructions (call etc.) that branch to a subroutine, 
and return instructions (ret etc.), a continuation push instruction (pushn), and a continuation pop 
instruction (popn). 

[0110] Since it is the instruction only for stack pointers, I hear that that it is common in the 
instruction of******** has the unnecessary information for specifying a stack pointer to object 
code, and it is in it. Therefore, the effectiveness that a short instruction length can describe the 
processing using a stack pointer efficiently is also common. 

[0111] Moreover, if these instructions are used, information memorized by the stack prepared in 
memory can be processed efficiently. Moreover, interruption processing and processing of a 
subroutine call return can be performed efficiently. 

[0112] Here, the busy condition of the already kicked stack and the condition of a stack pointer 
are explained to the example of use and memory of the instruction only for said stack pointers in 
case a subroutine is called using drawing 4 . The main program 500 and subroutine 520 of 
drawing 4 are the program described by the object code which the C compiler created. 540 
shows the condition of the stack on memory. 502 shows that processing which uses general- 
purpose registers R0-R3 is performed. 506 shows the subroutine call instruction. The back stack 
pointer (SP) with which the instruction before the subroutine call instruction with which a 
subroutine call instruction is executed by the main program 500 (i.e., before being shown in 504) 
was executed presupposes that the address of ** on the stack 540 on memory was pointed out. If 
said subroutine call instruction is executed, control of activation will be crossed to a subroutine 
520. At this time, the instruction (call instruction) which branches to the subroutine which is the 
instruction only for said stack pointers is executed by this example. As for the value of a stack 
pointer (SP), activation of this instruction stores the return address to a main program in the area 
544 on the stack to which the increment only of -4 was carried out (refer to **SP of drawing 4 ), 
and this stack-pointer **SP has pointed it out automatically. 

[0113] And in a subroutine 520 side, processing which transmits to a stack the value stored in the 
general-purpose registers R0-R3 currently used for the beginning of activation by the main 
program is performed. 524 shows the continuation push instruction (pushn) which is an 
instruction only for stack pointers which performs processing which shunts to a stack the value 
stored in general-purpose registers R0-R3. If this instruction is executed, the value stored in 
general-purpose registers R0-R3 will be continuously transmitted to a stack, and it is stored in a 
stack 540 as shown in 550 of drawing 4 . The stack pointer (SP) has pointed out 546 as activation 
of this processing finishes (524**) (**SP). 

[0114] Next, in a subroutine 520, the auto variable area used by the subroutine is secured. The 
add instruction shown in 526 is a stack-pointer migration instruction which is an instruction only 
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for stack pointers, and secures the stack area which is made to move a stack pointer up and is 
used by the subroutine 520. If this instruction is executed, only X cutting tool will move a stack 
pointer (SP) to the upper location 548 (**SP), and the field of the auto variable which the 
subroutine shown in notes 2 uses will be secured. 

[01 15] It is shown that 528 performs processing which used an auto variable and general-purpose 
registers R0-R3 by the subroutine 520. At this time, the location of a stack pointer has pointed 
out **SP, and loading of an auto variable is performed by being with the load instruction only 
for SPs which is an instruction only for stack pointers. 

[0116] 529 shows said SP load instruction which transmits the auto variable SI stored on 
memory to a general-purpose register Rl. Said auto variable SI is stored in the location which 
has Y bytes of offset value from a stack pointer (**SP). Since a stack pointer does not move in 
the midst of processing of 528 of a subroutine as mentioned above, the memory address of an 
auto variable is specified with a stack-pointer + offset value, and can perform the exchange with 
a general-purpose register efficiently using the load instruction only for said SPs. 
[0117] Moreover, before returning from a subroutine 520 to a main program 500, the value of the 
general-purpose registers R0-R3 which had shunted to the stack is returned to general-purpose 
registers R0-R3, and it must be made for a stack pointer to have to point out the area 544 where 
the return address to a main routine is stored. Therefore, the stack pointer to which it was made 
to move with the stack-pointer migration instruction of 526 is first returned to the location of a 
basis. The sub instruction shown in 530 is a stack-pointer migration instruction which is an 
instruction only for stack pointers, and moves a stack pointer caudad. Activation of this 
instruction moves a stack pointer to 546 (refer to **SP). Next, processing which restores the 
information 550 stored in the stack to general-purpose registers R0-R3 is performed. 532 shows 
the continuation pop instruction (popn) which is an instruction only for stack pointers which 
performs processing which transmits the information on a stack to general-purpose registers R0- 
R3. If this instruction is executed, the value 550 stored in the stack will be continuously 
transmitted to general-purpose registers R0-R3, and it is stored in a stack 540 as shown in 550 of 
drawing 4 . activation of this processing - finishing (532**) the stack pointer has pointed out 
544 (refer to **SP). 

[0118] 534 shows the return instruction. If said return instruction is executed, control of 
activation will be crossed to a main program 500. At this time, the return instruction (ret 
instruction) which is an instruction only for said stack pointers is executed by this example. If 
this instruction is executed, it will branch to the instruction which the return address to the main 
program stored in the stack area which **SP points out shows, namely, will return to the 
instruction 507 next to a main program 500. And the value of a stack pointer moves to the head 
area of a stack where the increment only of +4 is carried out, and a main program 500 uses it 
automatically (refer to **SP of drawing 4 ). 

[0119] The circuitry for executing explanation and this instruction of an instruction about each [ 
said ] instruction only for stack pointers below, respectively, the motion at the time of activation, 
etc. are explained to a detail. 

[0120] (5) Create the object code a C compiler relates the field of an auto variable with a stack 
pointer, and it is remembered that carried out the stack-pointer relative load instruction above- 
mentioned. Specifically, the C compiler is the specification which secures Y bytes of field of an 
auto variable from a stack pointer in the place whose offset is X. 

[0121] Drawing 5 is drawing for explaining the processing which transmits the auto variable on 
memory to a register. The auto variable a is [ halfword data and auto variable d-g of WORD data 
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and the auto variables b and c ] cutting tool data. The stack pointer stored in SP shows 1000 
which is the address of the head field of the field 600 where the auto variable on a stack is stored. 
The area on the stack which makes said stack pointer a memory address as area for storing the 
auto variable a The area on the stack which makes a memory address a stack pointer +2 and a 
stack pointer +4 as area for storing the auto variables b and c, respectively The area on the stack 
which makes a memory address a stack pointer +5, a stack pointer +6, a stack pointer +7, and a 
stack pointer +8 as area for storing auto variable d-g, respectively is secured. And in case given 
processing is performed, data transfer processing is needed between the auto variable specified 
by the memory address of a stack-pointer + offset value, and a general-purpose register. 
[0122] In CPU of this example, in order for short object code to describe such transfer 
processing and to perform it efficiently, the instruction set shown below is prepared as an SP 
relative load instruction which is one of the instructions only for stack pointers. 
[0123] 

Id.b %Rd [%sp+imm6] - (1) 
ld.ub %Rd [%sp+imm6] (2) 
ld.h %Rd [%sp+imm7] - (3) 
ld.uh %Rd [%sp+imm7] - (4) 
ld.w %Rd [%sp+imm8] - (5) 
Id.b [%sp+imm6] %Rs - (6) 
ld.h [%sp+imm7] %Rs - (7) 
ld.w [%sp+imm8] %Rs -~ (8) 

(1) - (8) describes instruction code by the assembler. (1) is an instruction which carries out the 
sign escape of the cutting tool data from a stack, and is transmitted to a register. (2) is an 
instruction which carries out the zero escape of the cutting tool data from a stack, and is 
transmitted to a register. (3) is an instruction which carries out the sign escape of the halfword 
data from a stack, and is transmitted to a register. (4) is an instruction which carries out the zero 
escape of the halfword data from a stack, and is transmitted to a register. (5) is an instruction 
which transmits WORD data to a register from a stack. (6) is an instruction which transmits 
cutting tool data to a stack from a register, (7) is an instruction which transmits halfword data to 
a stack from a register, and (8) is an instruction which transmits WORD data to a stack from a 
register. 

[0124] [%sp+imm6], [%sp+imm7], and [%sp+imm8] express immediate offset information, 
respectively, the offset value generated based on this immediate offset information at the time of 
activation and the value of the stack pointer stored in SP14 are added, and a memory address is 
generated. When the data size of the data on memory is a cutting tool, [%sp+imm7 of 
[%sp+imm6]] is immediate offset information when the data size of the data on memory is a 
halfword, in case the data size of the data on memory of [%sp+imm8] is WORD. These all <A 
mentioned later 
HREF=7Tokujitu/t^ 

?6>;;??6>;;??6>;; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; 
??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; 
??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; ??6>; ; 

??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6>;;??6 
>;;??6>;;??6>;;??6>;; 
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DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining the outline of the circuitry of CPU of this example. 

[Drawing 21 The register set which CPU of this example has is shown. 

[Drawing 31 It is drawing for explaining general actuation of a stack pointer. 

[Drawing 4] It is drawing for explaining the busy condition of the stack already kicked by the 

example of use and memory of the instruction only for stack pointers, and the condition of a 

stack pointer. 

[Drawing 51 It is drawing for explaining the processing which transmits the auto variable on 
memory to a register. 

[Drawing 61 Drawing 6 (A) and (B) are drawings having shown the bit field of SP relative load 
instruction and a general-purpose load instruction. 

[Drawing 7] It is a flow chart Fig. for explaining actuation of SP relative load instruction of 
WORD data read-out. 

[Drawing 81 It is a flow chart Fig. for explaining actuation of SP relative load instruction of 
WORD data writing. 

[Drawing 91 Drawing 9 (A) - (F) is drawing for explaining the busy condition of the stack on the 
memory by each routine in case a program is performed over two or more routines, and the 
condition of a stack pointer. 

[Drawing 1 01 Drawing 1 0 (A) and (B) are drawings having shown the bit field of a stack-pointer 
migration instruction and general-purpose operation instruction. 
[Drawing 111 It is a flow chart Fig. for explaining actuation of an addition stack-pointer 
migration instruction. 

[Drawing 121 It is a flow chart Fig. for explaining actuation of a subtraction stack-pointer 
migration instruction. 

[Drawing 1 31 It is drawing for explaining control of the program execution by a call instruction 
and ret instruction. 

[Drawing 14] It is drawing having shown the bit field of PC relative subroutine call instruction. 
[Drawing 151 It is a flow chart Fig. for explaining actuation of PC relative subroutine call 
instruction. 

[Drawing 161 It is a flow chart Fig, for explaining actuation of a ret instruction. 

[Drawing 1 7] Drawing 1 7 (A) and (B) are drawings having shown typically the motion at the 

time of a push instruction execution. 

[Drawing 181 Drawing 18 (A) and (B) are drawings having shown typically the motion at the 
time of a pop instruction execution. 

[Drawing 191 The bit map of pushn and a popn instruction is shown. 

[Drawing 201 It is a block diagram for explaining the hardware configuration for executing a 

continuation push instruction (pushn) and a continuation pop instruction (popn). 

[Drawing 211 It is a flow chart Fig. for explaining actuation of a pushn instruction. 

[Drawing 221 It IS a A° w c hart Fig. for explaining actuation of a popn instruction. 

[Drawing 23] It is the hardware block diagram of the microcomputer of the gestalt of this 

operation. 

[Description of Notations] 
2 Microcomputer 
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10 CPU 

1 1 General-purpose Register 

12 PC (Program Counter) 

13 PSR (Processor Status Register) 
20 Instruction Decoder 

22 Immediate Generation Machine Term 
24 Offset Signal 
30 Address Adder 
32 Latch (AddLT) 
40 ALU 

44 PC Incrementer 

45 Control Circuit Block 

46 Four Bit Counters (Countx) 
50 Memory (RAM) 

52 Memory (ROM) 

54 Register-Select Address Signal 

60 Bus Control Unit (BCU) 

72, 74, 76, 78 Internal bus 

82, 84, 86, 88 Internal signal line 

92, 94, 96, 98 External bus 
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[Procedure revision] 

[Filing Date] December 12, Heisei 14 (2002. 12.12) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] An information processing circuit and a microcomputer 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The stack-pointer dedicated register only used for stack pointers, 
A decode means to have the object code which makes this stack-pointer dedicated register an 
implied operand, to decode the object code of the instruction group only for stack pointers the 
processing based on this stack-pointer dedicated register was described to be, and to output a 
control signal based on this object code, 

The information processing circuit characterized by including an activation means to perform 
said instruction group only for stack pointers based on the contents of said control signal and said 
stack-pointer dedicated register. 
[Claim 2] In claim 1, 

Said instruction group only for stack pointers includes the load instruction which has transfer 

register specific information in object code, 

Said decode means 

Said load instruction is decoded, 

Said activation means 

The information processing circuit characterized by performing either [ at least ] the data transfer 
from the first area to the first given given register on memory, or the data transfer from said first 
given register to said first given area based on the register address specified by the memory 
address specified with said stack-pointer dedicated register, and said transfer register specific 
information in case said load instruction is executed. 
[Claim 3] In either claim 1 - claim 2, 

A stack-pointer migration instruction for said instruction group only for stack pointers to have 
migration information in object code, and move a stack pointer to it is included, 
Said decode means 

Said stack-pointer migration instruction is decoded, 
Said activation means 

The information processing circuit characterized by changing the contents of said stack-pointer 
dedicated register based on said migration information in case said stack-pointer migration 
instruction is executed. 
[Claim 4] In either claim 1 - claim 3, 

Two or more registers which were able to be continuously set in order are included, 

Said instruction group only for stack pointers includes either [ at least ] the continuation push 

instruction which has two or more register specific information in object code, or a continuation 
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pop instruction, 
Said decode means 

Either [ at least ] said continuation push instruction or a continuation pop instruction is decoded, 
Said instruction-execution means 

The information-processing circuit characterized by to attain to the memory address specified 
according to the contents of said stack-pointer dedicated register, and to perform at least one side 
of the processing which carries out multiple-times pop succeeding two or more of said registers 
from the processing which carries out a multiple-times push from two or more of said registers 
continuously to the stack prepared in memory, and said stack based on said two or more register 
specific information in case either [ at least ] said continuation push instruction or said 
continuation pop instruction is executed. 
[Claim 5] In either claim 1 - claim 4, 

The program counter register only for program counters is included, 

Said instruction group only for stack pointers includes the branch instruction which is the 

instruction which branches to a subroutine, and a return instruction from said subroutine, 

Said decode means 

Said branch instruction is decoded, 

Said instruction-execution means 

A means to perform at least one side of the return to shunting of the contents of said program 

counter register to the second given area of the stack prepared in memory, and the program 

counter register of the contents of said second area based on the memory address specified with 

said stack-pointer dedicated register in case said branch instruction is executed, 

The information processing circuit characterized by including a means to update the contents of 

said stack-pointer dedicated register based on said shunting and said return. 

[Claim 6] It is an information processing circuit containing the stack pointer assigned to two or 

more registers which were able to be continuously set in order, and one of general-purpose 

registers, 

A means to decode the object code of one [ at least ] instruction of the continuation push 
instruction which has two or more register specific information in object code, and a 
continuation pop instruction, and to output a control signal based on this object code, 
The information-processing circuit characterized by to include a means perform at least one side 
of the processing which carries out multiple-times pop succeeding two or more of said registers 
from the processing which carries out a multiple-times push from two or more of said registers 
continuously to the stack prepared in memory, and said stack based on the memory address 
specified according to the contents of said control signal and said stack-pointer dedicated 
register, and said two or more register specific information in case either [ at least ] said 
continuation push instruction or said continuation pop instruction execute. 
[Claim 7] In either claim 1 - claim 6, 

The information processing circuit characterized by being a RISC method. 
[Claim 8] In either claim 1 - claim 7, 

The information processing circuit characterized by decoding a fixed-length instruction and 
performing executive operation based on this instruction. 

[Claim 9] The microcomputer characterized by including a means to perform I/O with an 
information processing circuit, a storage means, and the exterior according to claim 1 to 8. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
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[Item(s) to be Amended] 0001 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0001] 

[Field of the Invention] This invention relates to the microcomputer which contains an 
information processing circuit and said information processing circuit. 
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U^X^^cDr-d? (Dfi^RU r BulB^^CD»--cD U S> ^ 
^^efiulB^O^-Ox 'jr^©^-*©*^^^ 

so O^S^n^^-t'JT FU^ac/SiilBfSM^^^*^ 
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£*#»£Tft. 

[0 0 3 2 ) CCtCfcl^-CHuiB^* ? £sJW >£#/B# 
4*SKS*ftftli!rEcj~Fifo££tt, ^*y£u^*£ 
Pal r r - * © & £ f t 5 ^ "C * 0 , ^ * V * 5 6 u ^ * 

[0 0 3 3 ] fifEo - F#4^*, 
Uti^/cft, Hrzfis**? F^- F<D*-^> FCt* * 

SrWTft^-t y±<Z>x »J7i U^^^PJT 1 -^-*©^ 
«MI**T:fo-e4«^ ^M*M*:STEarTftC£#"C*' 
ft« 

[0 0 3 4] fuEn- Fi&<fr*s. mjfB>^ U 

±CDh«E*— <D^VT<DT F U^^UST Z>tctb<D* V 20 
-te? FlCBrTftlWRT^ftai-^-tey Hf#8*^^*f 

hn-FCcij^, fTiBSIlT^S**, SuE* * * ^ > 

jrf* y r k u^*wser ft c £ *»»£T ft. 

l 0 0 3 5 ] C Ct,Cld^X*7-te v HtffiiW. tf:7-te 

* FffiiiSSgBPfflrj&S'G/cfcOTfciCiU. 
nft„ 

[0 0 3 6 ] ^tf^^ROTilrE^'te v 

y±©x y 7i U^^^^r^-^CD^Mll^^-ii 

ft»£* 5®i^^fiTEia5"rftci*5r&ft, 

[0 0 3 7] */c:$£fe9JK:J;tttf % WilW^^JP-f 

tttei>T4>, ffl^tt*7-b9 Ft»**!B3E-rfte:itcJ: 

0. >;J:^SI(Z)x 'J7i')^^C i«t 40 

*rBftt:£a*YSft. 

[0 0 3 8 ] *#feflj«, SuE*:?* * l-tf ?R**. BPfflr 
^■Afcft/cBPffisI-^-te * l-tffRi^'tyico^Or- 
* ©1?" -f XtClHT ft r - £ ^ XfiWR £ * tuEH 
fT*ffi*^ HuEIPffi*?* * Flfl^BuEf^lMX 
«*R£tc«-?tr. HuEliPffi^-fe 7 FtfJ*R42ES&ffi^:7 

ffluy^*©rtSifiuE*7H2^ HB*»D»Lteffitcj: 50 
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0 fu IE^ ■£ y 7 F U * ft C £ 5r«$1ft £Tft* 

[0039] ttfcteuxmmy^v vmnt\%, * 
j? -9- ^ xt»*H £ « . is s* t ^ t * * y -t^- * * 

*\ 16t'-;F©^-79'Ff-^ ( 3 2 F<D9 

-K^-^^cr>2 n <n«3J£U:) -CSISttft. 

Ji©7 FU^tt^t^ h^{4tc#x.6nr*5«5, ^-7 9 

- Ff-^l^-7 -7- F^tcte^fu a- Ff-^ 

tt7-F**5Wctert>ftfto fif^T, 

(D^^ey 7 Fu^oTiioi try FtiOiao* F 

f-*©^* 1 ;? F l/^©TfiCD2t'-; Fi-20 0 £& 
ft c X£ y ^*V>£<D7 FU^tt. "7- F*gf?*Jgl/ 
Tl>ft/ca&, ^-7 9 - Ff-*©^*y7 Fb^*4 
fiETft*^©*:?* v Ym<DT\iL<D \ Ft*0£& 
0, Ff-^<D^^'J 7 FUX*£SETft»&©* 
7t->F ffiOTfiO 2 tr ? F 0 0 £ &ft. 
[0 04 0 ] Sfc. aEB&iI'>7 F x-^CDt'y F 

?iJ«rfiK:-r6U, ^ hCCcfcoTT-'-^CDSWCCft^) 
*tfy F (^>7 h -f >fcT* F) tcO^Aft^^ 7 F^l> 

[0 04 1 ] *»?8tcJ:n«; -r-^lf-YX^S^t, 
SuE^^^y FfiPffi«*R©Si&a^'7 F£*f ^/ces^; ^ 

Lt, BPIi^iz-; F«*8«rEil$rftC<!;^"C#ft. 
-p r . BP«*7 h t»«*»*8W:f BET* t £ **TT 

fttB^tctL^r. <fc5^*i^^-fe^ FfiitcJgjEAipJfig 
£ ft. 

[0 04 2 ] *fc»^*flll»ftC£frCJ:o"r. -r-^ 

tc j£ D /ciB »»(aiS*i iSJR 3" tift C £ K: * ft . 
[0 04 3 ]*S^tt mTE^* 

F=j- Ftc»aft«$R*WL><* 
-Y>**»ttTft/c*CD^4? v ##'(l'&&fhtii<$%'£ 

»«u «rss5tf*S3&s, wrE^*5r*#-r>*»»* 

^*H«T4I«. BuE»BJb«ffiCCS"^». mszx*v9 
# > * * CDl^gSr^ET ft C £ *4*« £ T 

ftc 

[0 044] SuE* *-^*-f> ^ * 

i?#^>irWfflU^^** J*^*tft £ T ft /c^cD^fflcD 
FSr^l/Tt^ftfcai), *^i/*^F=2-F©* 
-*9>FK:****iiW> * *»ST ft fc»©«««:* 

Si^^*rEiaTftc£*ir*ft. fet, 
a-^WT Elf. 3 nt t ^ ft r~ $ <o9sm ^ i^cd^^o 

IBilES^ filJST ft C £ #T * ft . 
[0 045] ##6Hj§tt: cfcfttf* * v$<omhtmB>Mi 


u 

w%)\,-*is£tfcs\$v 2&4>**&&Z#Z> 

**nJ«64ttS. 

[0 0 4 6 ] «tjlB«lft«*R*^ BPffiT^x.*E> 

a»abi«« 4 wis^ #fl§u^** (Dftm 

4 fc— ^^114^5 C 4 *1S»iT 
[ 0 04 7 ] #2M0Kl<k4T,«, ^"OtfrOffifc 

BJSBSSR^IM 5 , MIBJSac^^^^^S^Stt 

*T ? :7*<&(%J>tt < 4 fc— #«:»SSS 0 , B&f 3*4^*7^ 20 
S* s , SMBjM*:?" ? 5> * A^ac/ BWBiS»# ? ?"*M*© 

TfcffiStKtfliirSB** ? ^^^SulBlSIScDU^^^^JI 
^•J7F Kat/S!SB«tt U ^ *«f3£«« 4 K» 

[0049] ^v^j.iw^^eytcRweti/c^a'v^ 

7' vis*? %mwsixf# v %> mm t \t % «ri Bt«fl& 
vm^o&ocommt, *tiicw*>s\* v t>*4zs$<DW 

s\% vZttC^-Z-PT Fl/X^iSJW^/cMp u s h 
<M*. v ^<D\H^Uis^^{ / cm 1 0&?P o p&G 
^Utl^c gpush^pop^it \sis>\ 

v *#^>£<DE»r4t7 5. 
[0 0 5 0] fjE^TfflttOUt?***** ^ 40 

t7*<5£4#s&S4»*. 
[0 0 5 1 ] BiTiBiltt^y>* 
ift^ii5IESJI*# * ^*IHff5 4 . PushW 

aaiantfr 4 4 bo & *i * . w * 

U^* £ 4 X * 7 £ 4 <D?$<D7- *<DP 9 ffi 0 

9ffi9 6C{*5* * * i?mZs$<OW&i* 1 #*T'^?7"i" 
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p o p*«*< USrc4«:J:<9*^** b=i- 

3t?7 * r ^ 7 #fi < £c £ t 4 £ @ iS U mtktelf 4 # ^ 
£?NS3tf £C 4&< . SU0ii*^IIRO f -9"^-9 : ->= 3 

[0 0 5 2 ]*SWt OWn-litOl/^i'S 

*sx#v^-f&* M%mnisiss\$mj£m%tuT. 
sjiBu^^^s^t^n^isssn/ca^u^^* 

US^X *»-^"C«f5£3 ft* L-v* * * T<Dffl$fc© u^x 

^S^TiMffi&tfBuiB**? ^fcBfriBfflSfc©^* 
^^^l/Tffitt@#y7"rS«!:Ji0^tt< 4fc— ^ 

ss y * y r f u**c*^**f 5 c 4 sisatt 

[0 0 5 3 ] \sls>\ 

0 3&>6n- 1 aroattu/cu^^^s-^TBuiau^x 

[0 05 4] *»K*C<fc*aK. lusB«»U^^*#^ 
ff^OU> ; ^^#-^4JiST4C4tc c }:0, Ui^^^O 

7YWI^<ib-^Tbn^ e fS-^t. Uis 

omm^mBznmwcft*? c 4^r # 5. 

[0 0 5 5 ] WSB^ff^S*^ «uIEfflSt©U 

y ^ ^ ©^Tn^4© 1^ ^ ©fi^^ « §fl!B*£? 
>7 ^ ^ > ^ \s*J»\ *"C«BE 3 hi * y 7 F U^^C 

wiBsarii^atcisma^*^^^** 

ii^lalttt^^^ h S«*5i*lHl»^ -5 > h*®4. 
fJ!B^^> F^IS^i-o^^'i'^ hSntefTSBStii* 

ma 4 Sui3ffl» u v 7, $ mm% % ko<s * ibis-r 4 tt*s# 

f34£^#, BlIBSfifii^Ja* 5 . «— ©A*4»— (D 

ii^^^ey 7 Fb*££^£#£&<2M*>J7 KUX 
^RJt#S4, «reajinn»s©w— OA** 5 * aWWJSA^ 

4tt4<k^«:«l»b- *ne«»»»#ii*7 Fl/^4tt 
^IStC J: -o X 4fiJE 3 n/c» # ii* 7 F U ^ 4 4 <fc ^ M 
!BT*W-©A*W!9#S:4. «TS2flPlW©»-OA* 
tcSutfi** ?£*>6 1 7- FSr8tii^<:4#©*7-te 
^ HB4-ttl*-r*«— ©A*WlW*a4. SMEttauy 
^ ^ ^SW$H* ibBuIBS # jA^-[Hlgft$: % 0 /cfflti^S 3 


13 

^®©tb«*SSIK:S-3*, »»©U^***>6©SfflB* 
[0 0 5 6 ] Sfc$ffeiJJJW:, B?I5^^HtT*S^. fuE 

s n/cftu er* a u laa i swatt** u * 4* jeiihr© 
fliiite-r^tte^ai***. ii?rEBi»HJu*a#. 

W— © A* i ff r. CD A* * JWitlDJI L, < * * 

^T*fc»©»*&#>*y7 FU*«r£0cT4»* 
> * y T F U * t . ilirEtt]J|£B©#— © A 

FU^ia*J:9*lM»-r**— ©A*W»*St. WE 
flD#S<0»— (DA^ecSJiE** 1 7- F«:«* 

ii^ci*(D*7-te^r hfil^ffi*-r5llz:©A^*iJep^ 
fylEgE^mb^^r'JT FU*Ct»-3*iiuE;** •> 
*©rtS*«*tBU ffuES^iZ^E^cS^^SS 
n5 1^**te«ffiT5R*UJU3Ma££d*. fiuEit 

[ 0 0 5 7 ] CCD^^tcr^iattL/cfflrlllW^r 

L?c4>©-c&& e 

iiJEJBR*©**, ii5E#i&ft*4JBRU B&Eft4^T 
'ffTE»ftft««:9HfrSIK, y KKtf fch 

■5 > £ *©rt§©f3iB&t>tuE®~©x y 7©i^ 

£© 4/^ A * "5 > * U i/X * ^©»«©*J>tr < i 

— WSB^*v*d<-/>*»fllu^i'tcj:l3»S 
Sft*-**'J7 Fu*fcS-?*tf5#«±, HrEfSiSa 
tfiiu E?X» fresher bu E^ f * d< * Sffl U ^ * 

[0 0 5 9 ) CCKtelaTlf^U-^itt. SOOii* 
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y 

[006 0 ] iiS^^lz-^^dtt-rili^ffifE^ 
10 [00 6 1 ] *^BJ"CW, gJE-y-^U-^^^ttTS 
WWtfTS. IP*>, **?B©l«ll«iillslllS«, ij-^u-* 

^>^©^iK-^^*^i/-^->^6©y ^->tc{$oT£> 

§g<h ft iliJE^n ^a^>)>^ ©fSifiatffWi©*^ 
[006 2)^/c, V^F-JxTfflOiA^^U 

30 [0 06 3 ] #»Hj§fr*, aj*u-c «Hfi;-^w en/ciaa© 

^acxatt* ^ 7*^©^^ < <t 4>-^©^© 

«<&RcflitrE»i*# 9 7^<D'j>tt < <t t-^t jiff r 

y ^^ajauraaiay^^^^iaiiRufWEx* ^ 
40 *3iP6S!rE«!K©uy^*ccaif*u-cisasisid<^ ^'-r^ 
mm<D'j>K< -ft*. wiBWJ»«^auwiBx* ^ 

[0 0 64 } #*ijl!tt. tflffluy^**X*5r*#^> 

$a i/TfitfflTia^WEatt^^^^^&^ffiiE 

[0 06 5 ] ^§&m <t*i«, BuBBatt^" y i^iMM* 

fuEaa* ^ y'ft^zmitz t . push ^^^a^ 

50 0Tt5SSt[sl|li7-r4»^4>p o p#4fr tat* LTtfiS&IsI 
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tof*5X* v *#^>*©E»rS: 1 ^"CUffTac £ 
i#;*;T4C>£l>S<'t ±3&*r£4. &tcy'U#7J*mi7Z 

[0066] *§zm$om$mmmmR i s c^-c 
[0 0 6 7 ] Ri s cttcom$?immmm. ^- f^ 

xr*/hS<fcUriSiE^t«:H4C £*gM£ 

[0 0 6 8 ]IotRI SC^OtffR^JllElSST^, 

>*«:!R5t|^Wi«.fflU^^*«:a5^-fe -^4 20 

< & 9 ^ * y ©ffifflja**s <fc < & 
[0 0 6 9 ] *5fe?BCC <fctitf, R 1 S C^^CDtf fMJl 

[0 0 7 0 ] *»?Stol«*RK!:iIlsl88«, H5£fiS>i&<&£ 
4. 

[0 07 1 ] iSfid^Srffil^ £ pJSEfi«**fflt^ 

w^tctb^, ^o^n- Ftcs-raBsiasr^afflT*, 30 
wiiWfaiisiBCDisiss^a*^^ < t £3&«ta*a. m 

[0 0 7 2 ] #«BJ36C iftfr*. — «KA*fi#fi < ft 0 

[OO7 3]*^07-f^D3>ta-*tt mTiBU 
fe*#6W©««»Bi@B £ SatS*© £ fl-M £ ©A ffi^ 4 

[oo74]#*wccj:ntf. 

[0 0 7 5 ]$jSHBO7^P3>t , a-*tt l Buf2* 

ttMai-w t * - v mkoii\ism$im 

£*»a£T*. 50 
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[0076] 7s$v i?#^>*tciigjfi^wc5j— 
at/ ^ * y ©aflijai*%jai*w«:i°]± ^^ci asm* 

4c 

[0 0 7 7 ] ^fMSOW^lSSW:. bu32EL/c^bjcDv 

[0 0 7 8 ] *»IBtCctntf, *WIiiK#iE< 
ftfflS*^© i t Mf $R&Ii[e]3§£ 1*1 US L T I > 4 /ctf) , 
■CK «tB to «^SB «: »«T S C <h tB* 4 . 

[0 0 7 9 ] 

[0 0 8 0 ] (HJ6091) 
( 1 ) *j6tt«OCPUCD»J5R 
$^Wfl© C P U « 77 ^ > i o - F * * 

^jurllfrr*. ^rtD^tii 6tr? F©H£fi"C 
[0081] m^mmi<Dc p u». * * > 

£ 4 IX 0 }R ^ ffiS* J: < BB5B O^rT 4 fc* &c X £ 

[008 2 ]Hltt, *HiSWI©C P U©[£]SS1Sfi£©®[ 
B8*ift?8-r 4/c^CDSr *> 4o 

[ 0 0 8 3 ] #CPU 1 0 I*. iUfflU^i' 11. 7*P 

^ A^^>^«fisnrt^pc 1 2, yp-t^if 

-^•r-^^U^^^ (PSR) 13, ^^^^^V> 
^fJ(DU^*-C*^SP 1 4SrStfU^**Hz? F 
£. ^7^3-^2 0, iPfa^J5£S2 2. TFU^ftDff 
^130, ALU40, PC-Y>i 7 'J^>^4 4S[>'§i 
rtBB^^ 72, 74, 76, 78, &ffirtBMt^« 8 
2,8 4,8 6,8 8^4^tP c 
[ 0 0 8 4 ] mll^'r^-#Z 0\* % ?\?}{sfc*7*i> 
x^h3- F«r)!?BEb, K^Sr^T^S/cfetC^Stt 

[0 0 8 5 ] fl]ffifi0ES22H\ *^*^F3-F«: 

^sn/cBPfstcs^t, »fB**c«efflrs3 2trv h© 

1, ±2, ± 4CDconstant7 =: -^?:iKU/c f 9-r4c P 
PC 1 2tC}3ffi£ftfc7*P ^'^ 2±tiy>$(DmWr%:'ii 
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^r-^^^-r-5c A L U 4 0 tt»ffi8iJF^IftaSillt 

[0 0 8 6 ] tie* KCPU«rtSWCSIS^*^^f-^« 
tgA/CHS. PA_BUS72^PB_BUS74ti 
ALU4 0©A*«#*fiiSr6«t6g;«:W-r4- WW 
_BUS 7 6«ALU4 0 <£>S5llt£S?:m 0 Hi bTtflffl 

u^^*tceasrs«fiB«*wrs. xa_bus7 8 

ttZJUBU^** 1 l^SPl 4^6m^tBb/c7 FUX 10 

CPUrtSP0D-&^6^SPCD 1 _AD DR_BU S 9 2 
^7 FU^^-^iGii-rS- DA (1^18 CP 
Uft£P<D&$P^$4SPCDD_ADDR_BU S 9 6^7 

ku*?*- d i Nfi-sffBs e«\ cpu 

£1-SP<DD_DATA_BU S 9 8 to h C P U rt8|S<Z>£BP 
^r-^^rG^-r-5> e DOUTfif«8 8tt, CPU^ 
SB<DfiSU^6*fSIJ©D_DATA„BUS 9 8^^-^ 
1 AA*tt»8 3tt I A«*K8 2^ffl» 
£ft5&*Ifi-5f (PA_BUS72, W_BUS7 20 
6, PC 12, PC+ 2> <DW»**f5. DOUTAA 
tt»8 9«DOUTfs#«8 8^tf^£n££fl{i-^ 
(PA.BUS72, WW_BUS7 6, PC12, P 
C + 2) COftJJftifT^. 

[0 0 8 7 ] $ /c, CPU10 OmjIB^^mjiB^-r 

[0 08 8 ]*CPUlO(t l6t'';F^f-^ 30 

(I_DATA_BUS) 94, ^-r-^T^-fe 
*©fc«><DffiH*7 F U^^X ( I _A D D R_B U S ) 

92£, 3 2 t # 7 h^-f-^^'^ (D DATA BU 

S) 98<t, r-ZT ?-teX<Dtctb(D'T- $7 KU^ 
* (D_ADDR_BUS) 96i t ^> hQ-;Wf^ 

[0 0 8 9 ] (2) *WS«©CPUffT4l/^i'"b 
^tC^SS^JOCPU^WTSU^^*^!? KZXHSK 40 
[0 0 9 0 ] [a2tC*||SSW©CPUCD^OU> ; ^^-fe 

l 6$<b, PC l 2, PSR13, S P l 4, HtSU& 
OALR <»a&SilJCJr-U^**) l 5, H^L&OA 

hr (ff-jBfue^-r u^*) i 6 

[ 0 0 9 I ] 9ulEifl.ffl Ut?* * l l ««fiElKiU:^1ia 3 
2t'7h©b^^^T$) t 3. R0*6R1 5t«ftW6 
tl^i. ttiRJB WJT. $ 1 1 ^mn^RUT F U 50 
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[0 0 9 2 ] S/cPC 1 2«, 3 2 b'-; bfi£W>£V 
pO£;u^>d?T-£>9, 3)M£g^T4 , ©^<D7 FU* 

U^^$**Jg-ri*«PCiia^ PCfcttJflStifc 

[009 3 ] kpc i 2«, v-Y^mx-mirv-t 

**4Cl<h«:fclj*&l>. cal int^^f'J 
tfiM^£T&<^ ^P«^-»*BPC 
1 2^*E>K^HJSti^*^ ^tcilifiSnS. 
iS^J&s^fSnSiJR^SST FU*# PC WISHES 

t, r e t tft^r e t i fft4^£<£9, 3***T 
KU^^dr v £<fc 9R#fflS*i, PC 1 2tcfl[J»3ti 

[0 0 9 4 ] PSR 

1 3tt, 7 5^W0.^renTli4 3 2 t'? h l/^ 
£-C*9, CPU©3SfiCDtfcffi*ffi»bTl^. int 

tin^cffi*spsRtc»j»§n*. 

[0 0 9 5 ] SP14U32t'7 h^^^'^^O^ 

•TitiJSPitH^ SPfct*«fi3ftfc{ffi*ST£#l* 
F©«J?%ISLT<,>£>/ctf>, 1915* > 
[ 0 0 9 6 ] ? *3itfi<Wr«SU 

<Z>2Mt*». h^*:/©^K^R*r3fta. **** 
cal 1 fft^r e 1 ^^CDffi<D;b-^>^iK 
* t pop nd^*^. ffHA«c a 1 1 ^#»t 

Sh5t, ^r^^ ^ d7#-r>**57- FtJ-^x (4) 

/cWf f ^y^>F (-4) Sti, PC12^*-^«: 

* ^ ^<k0M0 S^T FU^j&JPCtCD- FSft, 
v**-f>*tt9-K^^X»-/>*y^>h (+4) 

«^«*«J64L/ci*U:B. Xjr»*(CPC*PS 
R©ffl*s«T©#*-CiIiBS hi. 
[0097] 1) SP=SP-4 
2) ^^-O^TJgSni^j? ^ *©5feSH*ffltC 

[0098] 3) SP=SP-4 

PSR«riii8-r*. 
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[ 0 0 9 9] ret i ^#»72ft&£, ±ffii«iSi 
call ift£-?> r e t i n 1 ^*^t3 tiS 

[oioo] it, ^mtam^^x * t$ 

tSi, CPUtt^P^A*«)>$ (PC) i^D-fe 
^*f*-£*U^*£ (PSR) v 10 
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* J£T£. 

[0101] h 7 ^7'^II^67C^^--^>^tI^TS 
tc«\ reii reti ffr<££Wr<r& 

i, CPUW*^* 1 6PSR, PC^JitcSE^HiL/ 

[0 1 0 2] ALR (ffffiffllKto-US?^*) 1 SRI? 
AHR (gffi^WU^^^) 1 6tCOl>T«iftW«: 

[0 1 0 3) CPU©J*o«f»l/^*PSRl 3, S 
P14, ALR15, AHR1 FrfM^fiE^t: 

[0104] 


SP 1 

[0105] 7s* v 2&4zs$<d— %mumwc^x 

[0 1 0 6] H3 CD 1 0 0\Xj***)1iCWrihtVtc*$ v 30 

/cf'-^rft^xt-rSi. SP 1 4tCt«tt3ti/c^* ^ 
^d<^>^«, fg^-^CD^^ »J7 KU^lOO 0£^ 
M«SB» 1 0 2©T^«B« 1 0 4»8 
tc^-^A^wsnrt^fiWlt-c, f^SP^ 1 0 2©± 
#$a«i o 6 ticn^ e> f - ^ ^isifi ^ n ^>«^^ i 

[0 10 7] 7*k>$1£4\s*\%%VC 1 0~ F©«W*f§ 
UTC^&teS). * *CC««£»*i£tfB*«S P 1 4 
©ttJfi 3 n/c* * ^ ^ 3< -Y > * * 4 /c WilcMrtP L-C . 40 

S P 1 4#tjV3'7 F U*(DtS$H££ 0 /cUT, SP14 
tCttiflS *ifc* * ^ £ sj<*f > * * 4 /cWTtC8tb*f . C 

[oio8] (4) 7$ v$#4^$nm$i<%n^^ 
xoi&m 


%PSR 
%S P 
%ALR 
%A H R 

[0 1 0 9 ] m&75 ?£*^>**JSA4«¥tt* 
^^>«ffl©U^^*5SP 1 4 2rB§!&£>* 
^7>Fil/. SP 1 4*fc%^T»fP*45C:tt5att 

SPSWP-FA* ( 1 d»> , 7$v?#J>* 
W^fadd, sub). 1f^-^>^KT4 
Mtcal \m SCJP'J *->«r* (ret?) 

shn) , iEilfu^ v 7'&<$> ( p o p n ) ^ts 0 

I 0 l 1 0 ] cii6«:©^«:ftjiTS©«. **^^ 

* *^ * #4 > * ^4#ST Z> /cab© W«**s2* L * & t ^ 
[0111] Sfc. Cti6©**«r«^*i^*y^» 

[01 12] C CT, ■^^;U-?->*S3"-^S*T'4»o 
^■5 A5 0 0 i1f^-9 L >5 2 Ott. Cp^W5*s 


(12) 
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5 4 OW^-t l )±(DZ$ v ^©^figt^UTla 

yZtfjy* ( S P) «y^V±(7)^ ft? i7b4 0±(D 
®<D7 F U*4}gUTl»fc<!:T£. fr!B^^U-^>3 

2 0K:fc/c4. £©<L*;£^SS08T«: t buIB*****" 10 
^>**ffl^T'*i^^;b-^>^ftT4ift^ (c 
a 1 lift*) *$J|fT3ti4. »***sj|ff 3<a4 4, * 

* ? £sJW (S P) CDffiWSMjfl^tC- 4/dW-r>57 

(HI4C7)©S P#B§) , i£*£?^*V> 
£©SPj&SJBLTI»£** ?^±c7)x ^7544^^-/ 

J*^<DV £->7 F U*#*gtt2ti& 0 
[0113] ^Lt, -9-^;l/-^>5 2 Offl!l"Ctt % mif 

£R 0-R 3tC*#tt3ti"Cti/cfii«:^ £ ? £K:e2rr£ 
«yffl*?f5. 5 2 4«, iafflH?^*R0—R3K:»tt 20 

#-Y>^*ffl^<&-C*^a*S7"^*>*^ (push 

R0-R3 tcttttS nru/cffirti&KWK:;* £ ? 
iitS*!, ^!4C7)5 5 0 tC^TJ: 5 6t, *£*^5 4CUt 
ttttSti*. CO&iI©5MT#«*fe* (5 2 4(3)) i % 
(SP) «:5 4 6*JgLTl>4 (OS 

P) . 

[ 0 l l 4 ] #tc-y:/ju-^>5 2 otii, 
>T«ffl-r**-hSE»««©W««r?f5. 5 2 6fciK 30 

J5 t>C fflh 3 if ^ - * > 5 2 0 r -ttffl-r 4 * * *;> * ffi 
(SP) ttXM-f F/cW±:frOC>ifc«5 4 8tC^»ly (ffl 

sp) , a2> ecTsnf^-^^flewr**- hsc 

[0 115] 5 2 8(W^-f>5 2 0tt- hK» 
ilUffl U^* £ R 0 - R 3 £ffll>/dfflS«:?T Ht^S 

[0116] 5 2 9B, ^*y±«:ttttS*i/c*- hg! 

as i*Mjiuy**R i *ccairs«rsaspn-F« 

^CTltC^o jSufiBtf- Fgas ltt** 

* (©sp) town btcK*?*v ni4*T4» 

ffite tfffl Sntt^c Bu53iU fc J; '} £ It 7' - 9 ><0 5 

t\ *- tmws-tvr Fu^tt. ^j??*^* so 
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[0 117]S/c, 1t7';l,-^>5 2 OiPhJjy-fv 
i?7A5 0 OtcK&mUU*, ? i'tma^^TtJ/c 
iRfflU^^*R 0-R 3©ffliyifflU^^*R0^R3 

£->7 KU*#tettSftTt>5xy 75 4 4*ig-TJ: 
5tCL&yn«*6ftl^ -f-CDfcaMcgr. 5 2 60D* 

*c»«ir* «b>sp#jh> o &te*^£tct«tts*vc 

C^flt#B5 5 0*WfflU^5?R 0-R3CCtglB-T4^ 
S*:*t3. 5 3 21*. ^^^d?CD««*?AfflU^^*R 
0 -R 3 tcR2S-r5T &MfI£?7 5 * * ? > 

5 5 0 3&siafflU^^R0--R3tcaiKM«:«SU3ti, 
H4CD5 5 OtciiVr<fc5frc. ^ ^ ^ 4^ 5 4 O tctttt^ia 
4o CCD«i}I©Saf*Si»toa (532©) <!:. X$v$> 
5j<-Y>^«5 4 4«:JgLrt^ (®SP#I) . 
[01181 5 34tt';*->ft**7SO"C^-S). ifflB 

^ ? ^#-Y>*#«^T*S y ^->^* (ret* 

*) jOJjHfsn*. ttft^ntfsnii. ©sp*sjg 
£ ? d?xy r*cttttS*a/c-^ >7*D^5A^coy 
Fu^*^"r^tc»4j-r4 4 in%^-^>^p 

#^>*©ffltta«bW«:+4/cW-Y>47 y^> hsti-^ 

frCStt-TS <H4©<B)SP#flI) . 
[0 119] «Tmr«B»^*» 

[0 120] (5) *£?^#^>£tg*}D- F*<£ 

mrjas o tc <fc 5 tc c =i > ^ w ^ (a * - f aa©«J« * * * 
•>^#-/>*tcBBa^wTBBtai , rs*^*i7 f=j - f 

[0 12 1JH5W, ^-t y±©*- haaftu^* 

att^-F-^-*, *-FSEab, 

^-^Il(d-g^hf-^t^5 e SPtC 

*stflsn/c^* 5^#w r >*tt^*^ ^±cd^- Mica 


(13) 

23 

0 0 0*7SlyTl>4. HSJ»a?:ttlfi-r4fca>©x 

4or**i-€ e ft** ? + 5, 

[o i 2 2 ) *setew©cpurtt. co«fc^&«sjiK!: 

[0123] 

Id. b %Rd, [%sp + imm6] -(1) 20 
Id. ub °/oRd; s p + imm6 ] »• (2 ) 
Id. h %Rd, [%s p + imm7 ] - (3 ) 
Id. uh %Rd, [%sp +imm7 ] - (4 ) 
ld.w %Rd, [%sp+imm8] -(5) 

1 d . b [%sp+ imm6 ] , %R s - ( 6 ) 
1 d. h [34s p + imm7 ], %Rs — (7 > 
1 d. w [% S p + imm8 ] , %R s - ( 8 > 
(1)^(8) F^T-fe>^^-Ciej$b/ct 

(DT*4. ( 1 ) BX£? £*p6'W hf r -^^r1f^> 

}4SRi/Tu^^tc(sas-r*A*-c*o. (2) 30 

4^t?*0. (3) *;> Zfrh^-v 7- K^- 

(4 ) ? 7- Ff^-S'SHzPtfcSfiO 

Tus>**tc«H£i-&ft*r*<3. (5) 
6 9 - F ^- * * u £ tcEai-r i^"C* 0 * 
(6) \t\s$>7s$iP*>rt<< Y?—&*X$ v ZKJbSklT 
4tfM*T*9, (7) BU^*£^6^~7 7- H*^- 

v #t,c$m-rz>&^v<h'o, (8) 

[0124] [%sp+imm6], [J* s p +imm7 ] . 
[%sp+imm8]tt, *ft^hHPffi*7Hz ? F«*R* 

«3ft4*7-tev HB4SP 1 4K:ttlfl3ftfc**** 

[%S p+imm6 ] 'JiOf*- £1M X 

K0B$ % [%s p +iinn7 ] tt-rf * y ±©7*- £ 
0)f—$yr4%ifir\—y 7- K©0$ % [% s p -f imm 
8] lZJ*V±O5 : ~$O7~$1t4X&V-F<DV&<0 
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40 6 (A) tCTS-TffltC*^* £ ha- K±"C«6 t' 
* FOiPffi^^-fe^; FW#R6 1 4 £ UTl5$£tl"Cl> 
4„ L^U^HtT^CC^, imm7£>il£ (EP*>r~£ 
■y-^X^-7 7- K<Dtl^> . BPffi*:?*? Mf$R6 

^ (gp^r~-£1MX#7- F©»£) v BPffl*7-bv 
F1**R6 1 413:2 t'^ F2ElftS^7 h 1>X7$ v $#4 
^£ictolWT'<%*7-te'y Fffi#£!3E3tiS. 
[0 12 5] CCK*dl>T;*£ * £4tt^*ytt&W?> 

[0 1 2 6 ] 116 (A) », fiuIB ( 1 ) - (8) CDS P 
tlfcfP- h'^Ot'^ F7 F6 1 0t*^ o 0 6 

(a) tc?srJ:5«:sptBS*n- Fft^w, a^asi* 5 

^a-F6 12 (6hT* F> , BPfflTjgffiSn^BPffl* 
^■fe 9 Mi$R (6 fcf? b) 614i; GiS*fft£4Sia 
ffl^^©l/^^«6 16 (4 t:'? h) 
1 6 fc^v d7 h a- F^fltC^. friB* 

^3-F612IJSPl 4^Wit^.n- F^ 
riSCi^TftiKOa- F ilulBf'- X, *jr 

- F£*^'Cl»-2>. FtCcfcO S P 1 4 

tctttt Sftfc JRffi*f ft mci^ 

frftZfcisb* *7V>*.>? h^- F©^^-5> FtC^* y 

F««6 1 4^f^^£^t^7 :r -'^0[)^^^^^-r > 

Jg^^n^o (Ea6»*£tt*U^^*©7 FUX6 1 6 
tc«. milB (1)^(5) <Z>»-&«^*^^A^6«k*^ 

ffiB (6)^(8) <D«^W^* v ^tC^Sriiatiif" 

l>4„ 

[0127)B6 (B)B^*!? ^#-/>*£UTiafl3 
U i? 7s $ % ffl t » *C«fflf * iFlffl U y ^ * ft »ffiS* 
fti-rsn-Fft^ (WTrAffin- F^£t>9) 

h^- FOtT^ F6 2 0©W%n^L 

Tl^4o 

[ 0 1 2 8 ) MS (B) tCTjxTJ: ^tcjfl.fflP- FA* 

ti^-r*^^- F6 2 2 (6 tT? F) , IPffl 
TJBSS*iteBPffi*7-te!? Fi«*R6 2 4 (etr^h) t 

^-©1/^^6 2 6 (4 t*?h) 4. Ei**ta 
4 ttitllffl * *4*fi"S"4»-© 6 2 
8 (4b'-; h) 2 Of-; Y<D*7is*$ h d - 


(14) 

25 

[0 1 2 9] me (A) (B) tt, tifftt^* v 
ifflfSd^t^x^ F=i- F«r7SLTl»S*s. Ip3 

hk^-t^mc, spta*fo - K*^ttiafflD - f«4* 

10 

[0130] WT, **y^a>6Ui** 
iir-S^i It (5) <D#^ y t-fch^is^Z 

6>****tt? f -**K£T*ft4*&l/-C (8) 
(U^*^6^^t?^CC»7 - F^-^SrBlSjMrt^ 

[0 13 1] S-THl Srffit*TCn€>0«^«rSlff-r4 20 

fc»ecs&E&-"- F^iratjattcoi^rBiBj-rs. cn 

6<D*MH*^8MX**:y (ROM) 5 2 J; 9 I__DAT 
A„BUS9 4^Ltei?n t CPU10Od*f 

£fcftTEBPfi±j«B2 212. ^-^tMXtc 
j£DTBulBBPffl[*7-fe F«*6 1 4©ft»il^7 F£ 

ttffl***:?*? Fffi*£J5EU PB__BUS7 4tCffi 
*T&o SP 1 4tt**?£#^>**ttttbr;te9, 30 
CCDffl^T F l^flDffSS 0©A*K:J£tt3ftfcXA_ 
BUS7 8tCtti;trC*4. 7 FU*fl]S«3 0<Z><>5 — 
^©A*W. BPffi^lS^2 2CDm^r^>€>PB_BUS 
7 4 KJSttSlrCl>£. T FI/^JI»S3 OcDfcti^ (A 
DDR)tt, DAfi^«8 4*^LT*fSP©D_ADD 
R„BUS9 6KSfifcS*rCl>£. 
[0 13 2] ^*=i>Fn-;tOL.=i* F (BCU) 60 
tt, CPU**6Hi*3ti*ftay ^x* MM- <*f»'< 

^«:a*sn/c*#*) tea-?*. ^*7>x'j7« 

iM*y (RAM, ROM) 5 0, 5 2t<D7=-$<DA 40 

tttfj*fifli»u read, wr i TEwmmmmx-r 

[0 13 3] *?V~Yf £ -*lR&mis®SPtmv- 

F^*©HtfB#©«if¥K:oi»TBWar*. 

[0 13 4] 9- Ff'-d'K^ai/OSPtlWD- Ftf 

<%fimft$ftz>t, spi4-tcttW3*i/c^*9*#-r 

coffin lOTEBPflM-^-te* htt#R6 1 4&cS^£EP 

fifi£/&$§ 2 2 ofi&jgtutc* y-kvb mtm» Sh, > * 

y-tUT FU^tcS-^#^-=&y±OW#B3&sSc*ffl3*i. 50 
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£ F^ - F©SulEU^^^#^6 1 6T*#£3 

[0135] B7«9- F-T-^R^Hil/OSPtiWo 

- F#^©Sftf^^f5iBJ-r^/c^CD7D--^i'-- h[gr& 

[0136] iiJEA*©^T<3D«f7]te S P 1 4 

nr^s;**? ^*v>£#xa_bus 7 steals 

ft 4 (^f77*2 1 0) . BPffi£JSS2 2*MP<iI 

h«*R*6^J3EL/c*7 42t? MIimrt#PB_ 
BUS 7 4^CtB^^n^ (^f77'2 12) 9 7 FU* 
ffieXA_BUS 7 8 ±<DfiI£ jfuEP B 
_BUS7 4±(Dffl*lH»U tSS (ADDR) ~C$>%> 
J*V<Dm&mLT FU*£DA{I#»c8 4^ltD 
_ADDR_BUS9 6ttfcB;£lT& (^f ?^214, 
^f-?7'2 16). *LtCPU*>5>BCU60^f 

-zm&&uv tz-Ts bm^&-7 ?7- met**). 

y^ycoy- ZJUmtiTZ (^f ^2 1 
8) . IP^buEBCU 6 0 tittU ^x* Mf-Sftca^ 

BWese^UJLt Fu^*y-=tyr Fu^iury* 

y^t^-^^SE^fflSn, D_DATA_BUS9 8 
tcHBASn*<fc^ftlH»-r-5. D_DATA_BUS9 8 
±£>x-£teD I N{f^8 6^/MTWW_BUS7 
6tCfcH^^n^ Uf^2 2 0). ^ITWW.BU 
S 7 6±CDfflW^3- F^MH^^U^X^ 
(R s/Rd) <E>7 FUX (4 fcf ? h) 61 6t1gS$ 
tifc US/^ US/^ * (%Rd) tcjgffi;* 

ti4 (^-r ^^'2 22) e 

[0137] :^CC9- K-r-^S^iA^ODS Pffi^fu- 

FA*OStffB#CC>«iffK:ot>TKHJ-rS. 

[0 13 8] 7- Fr-£Sti£^<DSPf0*tD~ FA 

>^ofgi, mmm*7*v ht#$R6 1 4tts-?£ip 

«4J3S2 2AS4fiSlte* 9 FfflWSh. y* 

y»#ii^ffl©y*yT Fu*#£ja3fts. f itt 

hn- F(Db?I2U^^^#^6 1 6Ttlf$n 

u^6cs^*«F3E3nsy-=ey±©x y rfcisassti 
4. 

[0139] B8«7- F-^-^StiiAOSPflMD 

- F A^©ttfP *K93r Ztc&CDy o - * + - h Ht* 

[0140] HflE^^OHW <D*tn6C S P 1 4 tCttttS 

Uf??230) B *fe, EPfl^)SS2 2 3»sepfiB 
ht»«*6ft«l//c*7-fe5r hfffl i rrm^PB_ 
BUS7 4*CU*3h4 (Xf';7'2 32) B TFU^ 
JjQ»S&3 0tt, miieXA_BUS 7 8±CDffiimIIBPB 
_BUS7 4±CDfiI?:SD®b, *S»(ADDR)r*4 
y-t y^©»*ii*7 FU^4DAfi^iB8 4Sr/M^T 
D_ADDR_BUS 9 6tCfcB*T4 (7^77*2 3 
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4, 7^2 3 6). S/c, V'<DKM$i&t 
K&UVX* (Rs/Rd ) 07 FU* (4t'-;h) 6 

1 6t1&S5n/cU^^S§?:WtSU^^^ (%R 

d) tc^ffl^nn^7 :r -^^PA_BUS72^as^ 

S*i a 3 8 ) . PA_BUS7 2±<Dt~ 

*ttD0UT«^«8 D_DATA_BU 
S9 8KI±i*3n5 9«40) c ^LTCPU 

^BCU6 O^CD-f-^Stii^y Ht-t^T 
ZJ-i-ftti*). ?FSM* F1M ^ju*^f-r 

a (^f ->7*242) o IP^buIBBCU6 0 tiff SB 'J 2 10 

Hi-^cg--^ filSS^3A^T h'UX^^-t'JT 
KUXilt, D_DATA_BUS9 8rlB3SS*iT 

[0141] (6) v 

H9 (A) - (F) tt % a«©-rt/-*>tCt>/c-3T^D 
[0142]19 (A) teSVTMA I N;l/-^>2 1 0 

«<D«a83acjf^^sr^#^>^ (sp i 4tc*8«snr 

L>£ffi> OttffiSrHQ ( D ) ttiSl,TU£. 2 2 2teM 

A I N;u-^>2 l otMSEflrr htctb<D*$ vtrnt* 

^LtfeO, * £y£tf-C>£&22 2<E>5fcaI7 FU* 

2 3 2^ltl^„ 

[0143]H9.(B)OSUBl;^^>212B. 
milSMA I N^-^>2 1 O^hmttiXm^^^ 
:/;!/- *>-C*£. KSUB1 ;U-^>2 1 2<Dffi**<D 

mm b 2 i 3 o^THstcfc w & ^ * y Jt<£>* * ? 

COttiSRC/^* (SPCCf«ftS*VCt>4 30 

ffi) ©«ffi*H9 (E) tC^L/tt^o 2 2 4ttSUB 

1 2 1 2t«ffl'f4fcft0^i'i? 

T4d0, ?£#4>*t*2 24©5teBI7 FU*2 3 
4 iiSLrc^. 

[0144]i9 (C) (DSUB2;l/-f>2 1 4», 
huIBSUB 1 0*>6»?tt*i"C^T3tiS"!t- 

^;l/-^>-C*4, 8SUB2^>2 14fl5Br^© 

c 2 1 5 0D3HtH#K:*s W 4 -rf ■* y ±0* * 
(PttSSRtf;** ?£#Y>* (SPKl«fl3JvCl>4 
ffi) ©«S8*H9 (F) CCTnUTUS. 2 2 6IJSUB 40 

2 2 1 4-Cflgffl-ra/cat)©^*^ ^fiH*«SS:7nU 

? £*4>*tt2 2 6©5fcBI7 FU*2 3 

i^Wj-Ti/c^, **i«:($i^* ^ 47 sl< -Y > ^ <offi 

[0 1 46] 3»8WOCPUttt. C©<t54X>-; 

t7tf4y$0&WMm%fe^*7'^*2 H^- FTlSSIs 50 
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[0 147] 

add % s p , imml 2 - (9 ) 

sub % s p , imml 2 —(10) 
(9) ( 1 0) ttA*=i- F£7^>^T'lBi£L/cfc 
GCTC&So (9) ttSPl 4fctett3ttfc*** 
>*tcW-r*fiPfiBHl»^t?*D. ( 1 0) ttS P 1 4 
tctelflSti/c^* v £#Y>*K^*BPffi«ffift<$T> 
imml 2 tfHWD*^** h=»- KtC^Stl 
/clOt'^h <DfiP{iI£ 2t'^h ttfa&i'? F t/fcSL 
■te - PfiSB3ivC3 2 try h^-^ifc?)* SP14K« 

[ 0 1 4 8 ] H 1 0 (A) flulB (9) (10)©^ 
fur h 7 F 6 3 0~C#> 

Bio (A) tesvr<fc5fc;*£* £#-Y>*iSWjA 

— F 6 3 2 (6 k'-; F ) . BPfflrJSSSh/cIPffl^ttlf 
*R6 34 ( 1 OfcT? h) 16l^?KZ)^* 
^F3-F^ltt^ fl 8JIB*^3- F6 3 2«SP 

1 4*»ft*tft±-r*>** J Zs 
Ct45f*i©3- Fitt*SC«(W©SiJ«:jSCT^ 

FtCcfctl S P 1 4(C8«3m*-; 

> Ftc X £ ? £ Y > * CCM^-SWBafcdMI ilft 
l\, IPffl»tt1t«6 3 4tt** ? ^sP^^^tCjnlSXW 

[0 1 4 93 HI 0 (B) >*&UTiH 
-;F7^ -;U F 6 4 OflDWSrjSLtt**. 

[0150)110 (B) tcsvr <fc 5 cciaffliRff** 
t*, Jftfpaffi^inffl u * ©ffl^©BPfflSl»flt*R©Sn 

Sac/«»tftSCi«:St^3- F6 4 2 ( 6 tf 7 
F) . IP«"CJBS3nfcBPffl*IH»«8 4 4 ( 1 0k'-; 
F) iltffWftittatR^U^**^^"*^^* 
^6 4 6 (4 t'7 F) i^^^, 2 Ok'-; hOt^ 

2 f» F^^tC/cC4 e 

[0 1 5 1 ] HI 0 (A) (B) l>rhfc^*^^ 

*v > > MiBPffl %jn»scjp«»'r ^mii^^t ^ 

Fa- FT*4*s, ISlStC^t* 

^r^t^-^y*^ F^- FT-5Bi$TSt i#-r#s. 
10 15 2) «TF, ( 9 ) 0S P«:»T4BP«JinW** 
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^©ttftfc-^TRWrs. 

[oi53)irn ^urcn^^^^w^. 

£©*4tt#8B©>-=fc'J (ROM) 5 2<fc9 I _D A T 
A_BU S 9 4«r*>UT£iH3ft, CPUlOOft^f 
3-^2 0KA*3*a4. 8^3-^2 0"C, fi>4 

A^n^) c SfcWEIPffl£J5KS2 21*, ftreBPffi&ftttft io 
$R6'3 4© 1 0 \Zy h£2 tr? b^mm^y F U -te'ci 
ffiSSLT PA_BUS 7 2tCffi^T^>c SP14^^ 

C©IiiXA_BUS7 
8tCffl*Sn-2>..XA_BUS 7 8ttALU40©AA 
i44PB.BUS 7 4CCgSKS*TCl>£. ALU40 
©*>S— *©A:fcU:. BPffl^sJEa2 2<Da*r*iPA 
_BUS 7 2lCJSI*SftTl>a. ALU4 0©t±J£H;t, 
WW_BUS7 6«^ntt^. W_BUS7 6 
tiS P©A;tKCJgJt*S*VCl>£. 

[oi5 4) *rfln«t^*^*#-r>**«ij**a«fT 20 

Bt©»fpCCOl>TttWT4. 

[0155] fln#* * 9 £ *V > ^«»^*5»f S ti 
SP 1 4tC«ttSnfc^^ v ^#-r>^(Offi£. 
MlBBPtt&ttfff*R6 3 4 IPffi^ii 2 2 *$flfeSE 

L /c^fijEPffi^JJD© 3 tit «f /c * £ ? & & A > £ 
fltSti, *©ffi#SP 1 4K«ttS*i*. 

[0 15 6)01 1 t*}jnllX£ * 2#4>$mh$i®<D 

[0157) iiuiEfft*©HtT©«*7]«: S P 1 4 tCfittS 
ntU4^*-; i?#-/>^XA_BUS7 8tCtM^3 30 
ft* Uf 7^2 5 0) c ^LTfT5fBXA_BU S7 8 
±CDf-^^PB_BUS7 4tcatt>$ft£ Uf^' 

2 5 2) . BP«£ffiS2 2#lPffl»tttiWRK»-3 

*^JSRl/3rc»«iIPfi[i imrtiPA_BUS7 2tctH*Sn 
-5 (^f^7'2 54) . ALU40&, buISPB__BU 
S7 4±©ffl£WKPA_BUS7 2±©ffl*SD*U 
«S**WW_BUS7 6*CtH*r* <*f-y:/2 5 
6) 0 fit, WW_BUS7 6±©ffi**SP 1 4KA 
;ft$ft£ (7?^2 58) . 

[0158) ^CC»W^* v tmhtii&Omft AO 

10 15 9) «JM* ? *si<4 >*»«WM***M7&ft 

S P 1 4 iCtmZi-itcAZ >$<D{\£fr 
6>. ffirEBPffl»tbttffi6 3 4K«-3*fflffi£l5K»2 2** 

^£0cjn 4 *©ffl#SP 1 4*c«ttsns. 

[0160) 11 2tt»#*£ * *#*>£&ttffr4© 
$jfE£I»^T3 ?c&<dv a - * - h Br * 4. 

[0161) l»eft4*©36lT©«S3K S P 1 4tcteiflS 
ftTl>4*£? *?1W>*3&4XA_BUS 7 8Ultb*S 50 
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ti5 (7f ^7'2 6 0) o * 0TI?IEXA_BUS7 8 
±(7)f"^iiPB_BUS 7 4CCi±i^$n5 
2 6 2 ) . ifc % BPfil^RSS2 2*5BPffl»«i1f 
t£j«Lfc»«liPfiI i mn*«PA_BU S 7 2tCi±l^$n 
5 Ur *>^*2 6 4) o ALU 4 0«\ it?fBPB_BU 
S7 4±©fif*»?>ji?IBPA_BU S 7 2±©ffi£if£g 
0. tS**WW_BUS7 6tCfflAt4 (^f^'26 
6) . WW_BUS7 6Jb©ffi**SP 1 4 tCA 

(*x 6 8 ) . 
[0162) ( 7 ) #ifttfr4 

12131*. ca 1 I^ire-t^tCiS^a^A 
cfc^ct. MAlN;i/-f>3 0 0«:fciir. d-?ju-? 

>SUB3 lO^Mm^ca 1 H8>4#|HtS 
ft&£ (3 0 2) , SJ!8#1^U-^>SUB3 1 Otc 
ig^o If^U-^XDftatCt*, r e tA* (3 12) 
3&s»^nT4d*9. CQ^HtT^^i, MAIN;!' 
-*>3 0 0 ©guf 2 c a 1 (3 0 2) ©&©ft4 

(3 04) HI 3*C5Vr«£a>©<3>© 

Jiiar 7'p^7A j&JSlf f 3ft-2>c±*cfc3. c © J: 5 ^ 
7'^-f>SUB3 1 0T©SM7#»:h<&<fcMA I N;U 
-^>3 0 OtCRO, jiufEca 1 (3 02) ©& 

©fft4 (3 04) ^e>^T*T4/c26, ify;u-^>su 
B3 1 0tC»iSr4l«. <Sft*PM:R«?5fc©7 KU*4ffi 
fiUT*j<Ci«8ift-5. CCDtctb, cal 1*4 

4rl^0JL/cJ: ; 5tcKO5tT FUX*X* v Z>\<V&m.~$ 

[0163] ge^OR I SC7?S;©C PUTi*. BufB^ 

WCCH^l/Tl^c/cS), cal I ffr4«©#i&A4*H 

ha-K (T-t2>^^*4) t>sS!«"C*-3/c. «A«c 
al l*4*Sltf^SiaM:«, 
K-^-YX (4) tcll79 *Jj*>b (-4) It, 
^A*«5>*C!>ffitca-^# c a I 1A4CD^CD1&4CD7 

[0 1 6 4 ] 0*>L*fE*tStWflDCPU«, SuISc a 1 1 

> » ©»aac«WB©ftai 5 «t 5 tc^- f •? 

^7«S<i^Wbri^ c fitr>T, SufSca 1 l^r 
ettit^tmc. m&y'v?yJ**JV>5<DWi®RU t '& 
IB©tea*EaST4*^*^ h=J-F (7*te>^5* 
4) ^SiLW^ *HtSW©CPUT'«, C©J:9 

«c»iB^o #?M>t>o>* ©fififiac/tRiBoteaift— ft 


(17) 

31 

[0165] c a 1 1 siqn9 -(11) 
call %Rh -(12) 
ret -(13) 
reti . -(14) 

retd -(15) 
i n t imm2 -(16) 
brk -(17) 
(1 1 ) - ( 1 7) tt*^=J- F*7-tz>:75TfB2iO 10 
fcfc©-C*£. (11) (iPCtgSi^^-^>^-jl, 

siqn9fcg-3*fl*ifc7 K U^SrfHJtM^JgSUT^iS 
T53-;l/«*t*5. (12) ttU^^Hlt-y-^ 

^r**. (13) ttif y^-^>£>6<D';£->t$ 

(14) «fiJOiA^X^Wf^JI^-^>^ 
eoy^-^^tftS. (15) 20 
^>*»6<D'J *->ft<frr*£. (16) »V7 h^x 
7fy9&#i8H*"C*£. (17) IZV? bO^T * fv* 

[0166) 8141*. BOTE (11) £>P C*H*hJ-:/ )V 
-^>3-J^O^?h7^-Jl/K65 0t*5. HI 
l 4 cc5^r <fc ^ tc P C - ^ > a - ;Hfi^tt . 

»ftrS3-^ft^ , C*>4C<k«r7R-r*^=J-- F6 5 2 
(8t*-;h) % HP«rjfcesnfc^-f h 30 

t«*8sifln9 (8fc'*h) 6 54 i*S*. 16tf?F<£> 
x 57 h 3- F^^ltC^o BUIB8 tTty KDiPffi 

[0167) *SQ(6WOC PUTtt. call ifr<£^7 

tctiui 4«i7Sr*^* P ha- F©#t\ y'vtf? 

[0168) t^:/;l/~^>^#K3**ift<&<!: 

(in ©pcti*t-y'^i/-^>=i-ji^^, -y-^ji/- 40 

^>*6'J SffH^UT ( 1 3) <D»J£->ifr 

[ 0 1 6 9 ) StlS 1 «rfflt»"CChe>©l&^*^f-r4 . 

fc»cc^fi&^- F^xTtwc-^^-ctftHj-r^o cm 

^©ft^BWfflO^* 1 ; (ROM) 52J:9 1_DAT 

A_BUS94^/rLre^$n, cpukxmm*?* 
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htft?R6 5 4£ 1 t* v h£tClftJI^7 h l/fcif* 
-?--f >ffi?SUT3 2 fcf* hOBPfflr^^*U-7>^> F 
immHJSl, PB_BUS744Cffi^T^ SP1 
4tt*£ *;> ?#4>*£l*Jfil/T*5'K COfflttT FU 
*ft]JHI3 0©A#K:J£$*3*'ifcXA_BUS7 8CCtB 
7 KU*»*B3 0©<>5— #<DA*B:. BP 
ffi£f&£f2 2CDttl*)T'£>£PB_BUS7 4WSI?n 
Tl»4. 7 KU^ftlJSS3 0©tH* (ADDR) tt, 1 
AfK*8 2tALt>f»0I.ADDR.BUS92 

[0170JS/C, I _ADDR_BUS 9 2&tfl _ 

DATA B U S 9 4 W^^D*^* £ h 3- F**te 

ttSnfcROM5 2*Clgfit3tir4d*il. ^'*3>hP- 
(BCU) 6 0 «, C P Uv^£>ffi*2 ft&S 

mvfxx hft^ (#8B^*fcffl;t>3ftfc:{i^) tcs 

-rf-ty (ROM) 5 2^6mJiB^04-^^^ ^ 

[oi7i) $rpcfiat^-^>3-w*©^ 

[0 17 2] PCffl*f1^y;b-^>3-;l/^^s^7^ 
tlSi. H4rKI8L/cJ:^6c % PC 1 2 CCtttflSti/c 
-7a#5^XV>$<Dtt1fix$ v ^tcftiBSft. SP1 

(4) ttttrw ^'J^>F?ti^c ^ITPCl 2tC7* 
P^A*7^>££l!iflB3 2 fc'v KDIPffif** xyu- 
h*JJD«l/Tt#6ftfc#4£5fc7 FU*#-te v F S 

[01731111 5^PCt@>r^^;l/-^>3-jU^ 

[01741 Buf£**©SI!fa)«l73tC S P 1 4 tcte*i*l3 
*VCHS*£ ? £dW>*#XA_BlJS78K:Hi;&3 

<D?\?)tt£ 9 > IPfit^f&St 2 2 #£0E U/c constant^ - 

* (-4) 3&S7Fl/^lH»S3 0O(t!!^A*t&4. 
•eUT7 FU^JD»S3 0T?fjlBXA_BU S 7 8±<D 

* * v t> #*f > <L - 4 ^r»D3?LTM 9 7 F * 
ttWfa^* v P^<D&$&*>7 KU^ffi^, WW 
_BUS 7 6CCHi*3ti4 B B«ia»*ii*7KU 
^ttDA«-93»8 4^ltD_ADDR_BU S 9 6 
CCHi*3*i4. S/c, PC-^>5? 
ij^>j?4 4T«PC 1 2tCffitt3*afe7*py7A^«5 
>*Offi*i+2Sn"rR l 5 7 FU^5W&J3E3ftT, DO 
UTff#tt8-8«:^bTD_DATA.BUS 9 8fctH 

(^r-;7 2 74). tUtCPU*6BCU 

a 9. ^fBM^y^^-f F H J--f £;u*j«T-f * (^7-^ 

^2 7 6) . BP^fiiSBC U 6 OBSE'J^i^ hff-^tC 
BuSB«*ii*7 FU^*-^ j e , J7 FU^iLr 
>-=fc'JCcHW6ftfc*£? 57tcmilBM i 07 FU^^ISJrt 
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[0 1 7 5 ] * OT, WW_BUS7 6±©ffi**SP 1 
4£litt>3ha (^f77*27 8) . -ftcto%**** 

[0 17 6]»CPC1 2tc^w^nrc^^'n^^A 
*»)^*XA_BUS7 8frcHi*5h5 (*r-?:7*2 

so) . s/c % miaiPfflflfefiSS2 2w. ^o*-^* 

£ hn- FlCg$ftTl>*BuiBrw;*:7V-*;0 Mi 
«6 5 4 4: 1 hactclftil^7 hU/d*lM>ffi5RL 
X3 2\*y b<DIPf§r -f *:/U-;0> h i mm££fiX 

u pb_bus7 4tcUi^'r4. ffirser KU^JnffS 10 

3 0t*XA_BUS 7 8±97 , D^A*'J>*iPB 
_BUS 7 4±CDEPffl7 :r ^ ^7 r U-J^y> h i mm£fiD 
ISO#«7 FU^ (A DDR) ££j#U I Aft^8 
2*^L/T, I _ADDR_BUS9 2tcU*TS 
T77'28 2) . *ltCPU^6BCU6 0^<£h8K* 

'J (ROM) 5 2© 'J- Kit-Yi7;U^r^f U #d£5fc<D 
^M*©*^*^ h=J- FiBE^Wr Uf ^28 
4) „ 

[0177) r e t ^©HffOSCDttf^ecoO'CBl 20 
[0 178] ret^i^T^n^xb, B4T»?SU 

$<oa&PC i 2ftt«»§*u sp i 4 ft/c* 

$v$i£4 >*CDffi3W7- Flf-rX (4) tc\$4l/2 V 

[0179]B16ttre t tft^©S*{^£s&Bj^&/c# 

[0180] OTKft^OSHf fi9tcw % S P 1 4 tCttJftS 

? ^*V>£fcaW£n/c;U-^>^©M95t7 30 

[0181] mnz$}<$<D^7<D&mc s p 1 4&tis*fi£ 

htUWj'?^'f>^XA_BUS7 8&Cffi;^$ 
Wf^290) o ^UTXA_BUS7 8±<D 
X^7^^^>^^D„ADDR_BUS9 6 £111*3 
ft 5 -;«9 2) . tltCPU*>6BCU6 0 
^.(D r - £ m&&& y £ x * h 7 4 y'frCZc 
W-BM-tyoy- Flt-Y^;l/*|ltf1-4o EP^milB 

Bcueotttty^x^hfi^ccs-^*, mtix*v$ 

y 7 Fu*£i/Ty-=e y fcRW6ft/c* 40 
*v^3&>6HiiSeRfD7 FU^SraS^di-T. -**y (R A 
M) 5 0^e>K*tt3ftfcBulBR»5jfeT FU*ttD_D 
ATA_BUS94^6D I Nft-5ttt8 
UrtSBtciOCiti. 1 N«*»*>6 I A«# 

W8 2 4/H/T 1„ADDR_BUS 9 2&Clij*£ft£ 
(^f^2 94) B ^UTCPU^6BCU6 0^© 
«*R*HiL/y^i^F*#*S7^f-w^4ft9. WSB 
y-ty (ROM) 5 2©'J- F1M£;U£II?tU ¥<*) 
3fe7 KUX©^©*^*^ h=i- F£Sc#fflT <* 
T7 7'2 9 6 ) o 50 
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[0 1 8 2] XA„BUS78±©7^^^' 
-f>*©ffiti. BulB7 FU*»nS83 0©-#©A#<t 
*4. SfcBPfifi£fiSS2 2 #£j&Uc constant^-* 

(+4) #7 F b^aiW 3 0 ©i*OA» i & S. * 
L/T7 F l/^DD»S3 0T'mjlBXA_BUS 7 8±<D^ 
£*W>*©ffi£ + 4£Jnffl/C, I^O^-f 
Ofc* * •> £<8PlS©ifcBHx y 7©7 F 
fiEStl. WW_BUS 7 6&tfcti*£ft£ (^7";7'2 9 
8) o f Lt t WW_BU S 7 6±©itulB7 FU* (M 
9 5fc© ^ - > **ffi« U fc X * * # figilSOifeBIx y 7 © 
7 FU^) *SS P 1 4 6C&*£ft& (*7";> ?'3 0 
0) . 

[0 18 3] (8)att^75/a^(pushn), 

? < p 0 p n ) CDB&91 

H5iSl//c<fc5«:. «ificM$tcR I SCSSOCPUH 

•=e y &C7 t <fcfc < C P Urtsurisaw:^ < © 

to o ^ mm^> it zfji - ^ > n - jkd b$© u * fiig 

[018 4] t©<fc^&U^*£©ffM^fglB£*T 5« 
Tpop««*fflUtl^. CC*C— jRWttpu s h« 

*ac/p 0 p^Bs©«6#*Bi?B"r'&. 

[ 0 1 8 5 ] H 1 7 (A) (B)lipush ^»fBf 
©!|&#«:«SCfl«jK:?KL/cBlr*>3. 1! 1 8 (A) (B) 
tip o pd*IHf^©»*«:«aB«:5%Lfciar**. 
HI 7 (A) (B)M018 (A) (B) £/3UT, 

[0186)017 (A) «. ta^U^^^R 1 
^r^d? ^tcS^ffi*r^r^>6 , push Rl* 3&s 

ti, S P l 4 (Z>rtStt5RSEfl[>ffl[*> 6 4 *^*n/cfflte:5E 

?ff$n^ (HI 7 (A) tC^TJc^tCl 0 0 0*996 
tcjEBfSna) o *Ut, ESSTrSttfcSP 1 4©** ? 
9mZs*ifi7fctji*:V7 FU^"C*4 9 9 6tC»lfflU 

[ 0 1 8 7 ] El 1 7 (B) »* t 3 6*CiFlfflU^ *R2 
COrtg*^* » ^^Stfflr^TAi' push R 

ifD$«:tt, S P 1 4 ©rtS«3jiaoffl*56 AifiUfrtilc 
miC^mtti^ (13 17 (B) tC?Srj:^tC9 9 6*5 9 
9 2tClSrr?n4) . L/TT, MfJftfcSPl 4©J^ 
* ^#^>5'^"r> J ty7 FU^-C*4 9 9 2tC?A 
fflU^*R2©rt«b*««*ia*ti&. 
[0188)018 (A) tt. ^*y*©rtS%iR.fflU 
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^7>^R2tCHX0tB^^-C*5' pop R2' 

im<Dm(,c4&%:$titcmtmw2tiz> i s (a) 

^•TJ:^^^flu9 9 2-C*-p/c£D^^ft*9 9 6 teg 

[0189}S18 (B) H6C^t^ ^ ^rtSSrift 
SU^^^R Hax^tBT^r^^' pop R 1 ' 10 

S P 1 4©*d? ^ ^^d^^t/TC^^'J 
7FM9 9 6CCtt»3ftTl»&rt§artS£ »3/cSnt 

»ubu^**r itcttttsn*. ^its p i 4cdi^s 

«^a©lBCC4 3^a3ti/cffiCCjE8r3ti4 (IE 1 8 
(B) tcgVTJ:5tcS6?THu9 9 6"C*-p/c©3&s^ff* 1 
00 0lcH8r£n&) . 

[oi9o] c©j:5tcfie*«, ffla©2afflus?^*i 

x ^ ^r^— ^©GiS*!f pushup 

o p *M**«»0e 0 iS O T3«t T £ C <b o 20 

tc. pu s h-tfMM^p opA*ttH5KD*^"Cl*OU 

£ L 4 Ci3&«tttt^ 6 "C « 4 . 
[0191) «fc^T^JS©Ui>**te»LT** 

[o i 9 2) -^cr fltatwocpuru, ^tc^T 

[0 19 3) push n °/oRs - (18) 30 

popn °/oRd -(19) 

(18) «JM*^t?S/*^©THz>^^©iBiaS*^b 
T*5«5, %R s^ROJ-CCDnl (nttl^lBO 

';S/af5»^t*4. (19) :/^(Z>7 

1*>6 1 6©@«8») ©7- Kf r -**attfl«J«:%R d 
R 0 * V<DiRM * ^"T 4 A^T**. 

pushn, popnWtt l»-j*ti4>*^=J- Fi* 
^5>F*>e>fc4. %RslipushnftW^7> 40 

^^.^^^e>7 :: ^^^^^T<4tl^CDRdCDU^^* 

[0194)H19«:pushn l popn ^*©t' *;> 
hvy^jST. T(i<D4t'^l^7^JbFtC%Rs 
Sfc«%Rd*jSr3- F#A9. 1 6**SiHffluy 
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[0195) B2 0«aet7'v>*^ (push 

n ) . aatsP ? (popn) fc^TTateft©^ 

1 ^6aiS^7*7 ^*^4* (pushn) RUiSffitfy ? 
K(popii) ©»W*c£*ttaJ»tIR9fflOr, Sft 
fl^^^^g^^iIJDU/ct^C^ori^ 0 [El £15] 
— SB^iJgTtcotc-Pl^riS]— ©S-^iWUTl^i. HI 

*i iuro^6r 1 5©i 6#©*juBu^**r* 

iHJBU^**l (D_DATA_B 
US) 9 8 £r~£©AtH;b£*75 B itcUisXZZM 
tRTZUitxZmiRT FU^fif54BP> Fo-;I/[hI 
a^D^4 5^6*S. 14«SPW^-^^V> 
*#iMfiS*rCl»4. SP14©ffi»7Fb^ (D 
_ADDR_BUS) 9 6 £3 2fcf? F©7 FU^fiOfit 
3S3 0©A*fcj$jf»-r*rt8P7 (XA_BU 
S) 7 8tCffl*r*4. 7 FU^SDStS3 0©fc5— ^ 
©A2H*= 3 > ha-;HH]SS^u ? 2? 4 b&io<Dmjj£fi 
2>*7*v MI#2 4W8t*S*VCl>*. TFU^SPff 
S3 0©ffl*B7^ (A d d_LT) 3 2t?7?fS? 
ti, Se>CCXA_BUS7 8£/£t*WW__BUS 7 6 K 
ffi^^tli. WW„BUS7 6ttSP14©A*tcSft 
S*VCl>&. ^> h JUglH^n v 5 4 5 0cpKltt4 
tf? h<Z>#^>£ ( c o u n t x) 4 6*** 9. «SSST 
^U^^^^^>ht^ X. r3>hD-;UIoISgy 

7^^3>U^^**i*t). pushn, popn^r^ 
(Dt^^FToRs, %Rd£SJtT£££<Mt, > 

^ffiAT^, 111*6 0^U3>Fa-Jl/a^'; h 

(bcu) m§G©x£-;> ^xyriStr^-ty (RA 

M) 5 0 £©r~£©Affi#£frJ'$]U READ, WR 

I TEfW«**&H«7J"S. 

[0196) is^titG (pushn) 
^©iMI^toiiT&^T&o 

[0197) m7t7'v S^rfM* (pushn) *^?f S 

[0198) B2 1ttPush n«^©«iffi*lttl8*r* 

[0199) push n A^©^fO*t7Jtc*7 -b ty F 
ff^2 4©offsetl£-4K&&. *^>* (count 
x) 4 6t*-te'C3tt£ 'JTSti. SP 1 4tCtttrtSiifc^ 
*^^#-T>*ffl365XA_BUS78Ccai*3hS (^ 
r^7"100) . ■ 

[0 20 0 ) FU^MSS30ttXA_BUS7 
8±<Dmt-4Z1)UnU£$:$:y (A d d_LT) 
3 2tcAft£ (^r ^7*1 0 1). 
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[0 20 1 ] (Add_LT) 3 2<D\m*T K U 

X;<XD_ADDR_BUS 9 66tH^£ft£,, 

*©Tffl4 tf h6CfS^34i/c%R s £*«5>* (co 
untx) 4 6©a«t»Lte**U^X*i»R7 K U 
^ft#5 4tClti*-ri. 5 4tCctoTjiJ«StlfcU^7, 
*£x-*^X (D_DATA_BUS) 9 8CC©ti\ 
#8M*y (RAM) 5 0<D»*ii*«)flF«:rS 
^'102) o 

[0202] Ts^vV 10 3ttl *-)>^ (coun 10 
tx) 4 6<!:%Rs^tbS1'^ 0 SttUSxX * 

©^SM^y^OStii^W^TL/TtoO, 7?f (A 
dd_LT) 3 2CDfB^rWW_BUS 7 6£jIDTS P 
I 4K8#i£A,Tp u s h nOD^T*J&b* (Xr v V' 
l 04) o 

[0 20 3 ]f l< (count 
x) *7'5X lU 7-^ (Add_LT) 3 2 coffin 
XA__BUS7 8K:W;fcU 7f-;7"l0 1 fiiRCD&JI 
*«9iET Uf^l 0 5) . 

[0 20 4 ] ^tcjltt* ( p o p n ) CDH^tOS 20 

[0 20 5 ] ? ( P o p n ) *^?§tt* 

[0 20 6 ]B22tt, popn#^»MW^ 

[0 20 7 ] pop nft^DatTKC^-te v Mf-5* 2 4 
6i+ 4tC3tc4. *7^>* (countx) 4 6tt-tzn# 
UTSti, SP 1 4<DX$ 9^#^>^©ffi*JXA_B 30 
US7 8i7Fl/^<^ ( D__A D D R_B U S ) 96 

letups (x-fyy'i io) 0 

[0 2 0 8 ] KU^JlWS30ttXA_BUS 7 

8±<Dffii + 4*»nWUBS«:'7 (A d d LT ) 

3 2KA*i£ (^9^1 11). 

[0 2 0 9 ] ^C^SM* y© 'J - ^JUSrWf "T 
4. 'J-KStl/cf-^lif-*^ (D_DATA_ 
BUS) 9 8*5Ii;TiA/BU^** 1 HC«#i£3:tt 

CO<b#3> h D-;He1S§-7*d v £74 5TMO> 
* (countx) 461- IsisT. $3&iRT K 40 
4KtItf>T<S (X^^l 12). 

[0210)^r^*l 1 3ttt t ^7->>^ (coun 
tx) 4 6 <t%R s ZtiMTh. 3£lA>£*ttU5-?X* 

dd_LT) 3 2<Dffi&WW_BUS 7 6&iIDTSP 
1 4tC«ti2^Tp o pn<DH?fSr»toS (Xf-^l 
]4) c 

[021 1 ] «0< (count 
x) ^77^ 1U 7^(Add_LT) 3 2CDffi4r 
XA_BUS78i7FU^U (D_ADDR_BU 50 
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s) 9 6&cauju i i m$<Dmm%m i oiM 

r (Xr ^l 15). 

[02 12] CW^C pushn «Rs' T%R 

/c' popn %Rd' TX* ? ^fci&KttflSfc©?* 
-**R 0*>6%Rd *T©U^X*CCg?-rci**ttl* 
fetill ' pushn%R3' ©URtCctOU^ 

[0 2 13) CCtCfcOTU^X^^fflEl^K:— 0©»J 

wtf^u-^^^pj^usniJiz-^^Tau^x* 
rii, Ro^e>Rd*fcttR s tciaiao^s©&t»u 

S^x**^**!"^ pushnft^Stfpopn*** 

T*£. *llifeWT«U^X*tti:j»i<>Hi;«fiE4:RFr> 
T*5«3, U^X*<D«C^i^tC«{^<D*0iftfci»l»CO 
T. C<D£ *> ftftiJttt JfpJ©WH t * < as/c-r C <h #IH* 

[0214] fi£oT*SISS<M<Dp u s hn**Stfp o 

* <D8HB#* pushn, popn <D& * — -ft^T^f T 
C Ofc»* ^ * ^ h 3 - F t -/ X+T'P ^ 7 A 

& ? * v * t a* a & 0 » © x - * © $5 ten t -r * # % 

[0215] -7?, cn^^it^Mgit^^^ h 
*SilH#a^-ir>^W«0*T*?) t /J>fcC>y-h 

L/cfcCDT£>£„ 

[0216]*fc, *H*EWT«X* ?*sJW>*WB 
<DU^X*SP 1 4 4ffll^cii'&©Jfitt^^^*^ 
(pushn) , il&rtf * (popn) ftlHf S 

[0217] ( jt»«2 ) B 2 3 tt, *3|tt«© * 

[02 1 8] Sv-/*o=3>h , 3 L-*2tt, 3 2t^;F 
7^;p3>FP-7tftl CPU 1 0 iROM5 2 

t ram 5 o. mmmmw&9 1 o, ffinttjfgiRsn 

9 2 0, y «fe * Hsl8S 9 3 0, 7^^-794 0, 1 
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39 

'J^*> b DMA9 8 0, igjIDMA99 0. gOte* 

0, ^3>hD-Jb^^ (BCU) 60, A/D 
Sift88 3 0 % D/A^»8 4 0, A*#~b8 5 
0, ffi^**- h 8 6 0, I /0#- b 8 7 0, TkU^ti 
64*giftT£&ffi'<*9 2 % 9 4, 9 6, 9 8, Sffit" 
>8 9 0Sf«:Sif. 

[ 0 2 1 9 ) iiufSCPU 1 0&, * *;J<>f>*#ffl 

(0 22 0 ) ^or**S^i|O^^^D^>f J .-^ 
[0 22 1 ] tfc UiP*£iiM^U^X£tIIBO&Ji 
[0 22 2 ] -JtmRW-i ^P3>tf*-*«WAa^ 

y>jr-*o^v3>jaia«s^ «w»a9<o«aa> 20 

[0 22 4] 

[11] &mMW<DC PU<D|51H«fiR©«B8«:ttl8'r* 

/ctf><Dir£>£. 30 

[12] *|£i*W<DCPUCDl^U^^*-fef h** 

r. 

IH4] v^xj^zmmft^vizmmts^vte 

[i6] §6 (A) (B) tt. SPfB*fo- I^^Ry 40 
#UBP- FflHWDbr? b? -f-^ FSttSO/cBT**. 
[07 1 9- F^-*R#UiU©SPtH2*o-- FA4*<7) 

[18] "7- Ff*- SPtH*to- Ftfr<£4> 

[139] 139 (A) - (F) tt, a»©Jl/-^>tctofc 

o r y ^ a#§«t s ft sw&o&ji/- >tc j: a ^ 

[HI 0) HI 0 (A) <B) 14* *4W>*# 50 
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[112] iffiX^ ? i7#-{>»»tt^OHif'P«:tt9! ' 
[11 3] ca ] 1 r e t^tc<tS7'o 

[114] pctss-iif ^ju-^>3-;u^©tr ? b? 

* — ;U F4tSL//cH"C*4. 

[115] PCtaS-t^7';U-^>3-;U^C)fJjf^ ; S:l» 

[116] t e ift^omtt*tWMth?c&><Dyv-? 
+ - blT&£ 0 

[11 7] 11 7 (A) <B> ttpu s h'-*M^fH$© 

[118 1118(A) (B) ttpopft^fBSOtt 

# % «a W L/ 1 "C* * o 

[119] pushn, pop nl&^Otr^ Y^vV'^k 

[12 0] la^^i/ad* (pushn) , 3****;' 
W(popn) %SI?fT4/c*0^- K^xTM 
%$Lty-fZ>-tc$><D7a ? £HT*>&. 

[12 1] p u s h n&%<omtt&Vi?%ttito<D7V 
blT&^o 

[12 2] p o p n^^H)ffi4:raT^/cSi)©7D- 

+ - bB"C*£. 
[12 3] #^Sfc^J&£>-7-f £7n=i>fcf;x-£©^- 
F^xt^o ? ^l"C^^>o 

10 CPU 

i i auBu^** 

1 2 PC (7*ai/7Ai7-)>^) 

1 3 PSR vVA?—$A\sis*$) 

2 0 ift^f^-^ 
2 2 JVfl^ASXa 

2 4 v HI"-*! 

3 0 7FU*JJE«S 

3 2 5 (Ad d_LT) 

4 0 ALU 

44 PCW>£V^>£ 

4 5 n > b p — ;HsI?.8y n ^ $ 

46 4tff (counlx) 

5 0 »J (RAM) 
5 2 ^^t'J (ROM) 

5 4 uyx*j8U?7 Fb^<f^ 

6 0 rtTs-al/ hn-J^::'; h (BCU) 
72, 74, 76, 78 ftSP^'* 

82. 84, 86, 88 faS[Mf -^S 


Al 

92, 94, 96, 98 £f8|J^* 
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[Bl ] 


92I.ADDR-BUS 32 


94 I - DATA.BUS is. If 


96 D-ADOR-BUS 3? 


93 D.PftTA-BUS 32 


(+2) 



12 



if- 


iADDR " 
I DIN 
IPCt2 

ri - u -j 

83 JA^#**I#£ 


TRAP 
VEC— 


i^>0 

! 

22 


24 constant 


1174 FB- BUSES' 


ii jam 


BUS I i 



52 


(ROM) 


(RAM) 


"T — 
50 


BCU 


60 


10 CPU 


[H2] 


[H3] 


31 


RI5 


RI4 


RI3 


RI2 


R 1 I 


RIO 


R St 


R8 


R7 


R6 


R5 


R4 


R3 


R2 


R I 


RO 


SPI4 
— i 


IOOO 


±4 ! 


106 


102 — 
I04< 


[H5] 


22 


992 
996 
1000 
IO04 


PC 


PSR 


SP 


ALR 


AHR 


13— 12 


J 13 

J4 


] -16 


SPI4 


1000 


- 0 

b 

c 

d 

e 

f 

0 


60O -X^-y^JC-? - 


1000 
1004 
IOO 8 
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[H4) 


502- - 


coll SUB 


/ 

main: 


R0-R3 t 

&m twits 


507^- | >X*>^<* 


sub: 


pushn R3- 


-524® 

fl>©SP 548- 
odd %SP,x --4-526© y\ 


R0~ R3 t 
©528 jfj f--*P*5P 

529-14-f d %RO f (%SP+y) 


sub %SP, x- 
popn R3-- 

ret — 


540-^-^ 


. 530© 
532© 
:534© 



©»SP 546-/// 

///. rT /£zz 

V//.R2 //// 



550 


-544©©SP 
542 <D ® SP 


[H6] 

(A) 


612 

\ 


^'3 - K 


614 


616 


4^ 


610 


[H7] 

*d.w %Rd, [SP + imhi) 


SP — XA-BUS 


1 mm —PB-BUS 


XA.BUS + PB-BUS— (Addr) 


„S2I0 


S2I2 


S2I4 


IB) 

622 624 


626 


628 


620 





*2 





6 **V> 


"*6fc.vV 


4 kTvV 4 V 


(Addr) — - D. 

ADDR -BUS 



Do doto read 

bus cyc-Pe 



D_ DATA- BUS—— WW.BUS 



WW_BUS — 

%Rd 


S2I6 


S2I8 


.S222 
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£d . w ( SP + imm), %R S 


SP X A 

-BUS 



imm — PB 

»BUS 



XA_BUS + PB^BUS — tAddr) 



( Addr) — D-ADOR.BUS 



%Rs — PA 

^BUS 



PA _ BUS — D 

. DATA -BUS 



Do doto write bus cycle 


,S230 


„S232 


,S234 


,S236 


S238 


^S242 


[0103 

(A) 


632 


634 

\ 


630 


?r m ^ n ^ m 


642 


~6 L%}- io kTv V- 

(B) 

G44 

\ 


640 
646 V 


~6 


■to *£V> ■ 


[09] 


211- 


IA) 
MAIN : 

call SUB I 




210 MAIN^v 

(D) 


(B) 



,220ytyj^ 


212 SUBIU-^ 
<E) 

220 


(SP) 232- 



1254-7 


222 ( MAIN c 



2J 


215— 


(C> 


SUB2 ! 


S - 

214 SUB2/i"^>' 
(F) 


220 


[13236-7 


224 (SUB I r 
222 



226(5062* 
224 


222 


(25) 0-9 1 44 3 


[Ell] 
odd ' %SP , I mm 


l®}2) 
sub % s p i m m 


SP-^r XA_BUS 



XA-BUS PB .BUS 



i mm - PA 

-BUS 



ALU 

PB .BUS + F%_BUS— WW-BUS 



WW.BUS — ^ SP 


. S250 


S252 


,S254 


S256 


„S258 


SP XA.BUS 



XA-BUS PB-BUS 



i mm PA 

.BUS 



ALU 
PB-BUS - PA 

.BUS— WW.BJS 



W W_ BUS — S P 


.S260 


S262 


S264 


S266 


,,S268 


[113] 


302- 


300MAIN^-^v 

J 


MAIN 


coll 



312 


[H14] 


652 

L_ 


3 V 3 - K 


"8 **VV~ 


650 


654 

_J 


7-' < ^ ~7'V-X.* >V 


*8 LVK 


[B19] 

pushn ^ , popn bvWv7' 


IB 



4 

3 0 

0 O 0 O 0 0 

0 

op 

0 0 

%Rd (r%Rs 


pushn 
popn 


op 
0 0 
0 f 
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IB 1 5 ] 


[116} 


coli imm 


SP -XA.BUS 



XA.BUS- 4 — 
XA.BUS-4 

■WW. BUS 
- D-ADDR _ BUS 



PC + 2 — — 

D_ DATA. BUS 



Do dato write 

bus cyc-te 



WW. BUS SP 



PC XA 

-BUS 


.S27D. 


,S272 


XA- BUS ■+ imm — I. ADD R_ BUS 


^S278 


,S280 


,S282 


SP XA.B.US 


XA.BUS D-ADDR_BUS 


Do doto read bus cycle 

D_ DATA -BUS DIN 

DIN — I.ADDR.BUS 


S290 


^$292 


.5294 


Do Instruction fetch cycle I S296 


XA .BUS i- 4 — WW.BUS ,3298 


WW _ BUS — — S P 


-S300 


Do instruction fetch 


,S284 


[HI 7] 


{ A ) 

push Ri &*7*^r ^tyi*? 


RL 


SPI4 


I0OO 


I IU*J 


Sl fl4 


CO- 


996 


f////7S//S//, 


992 
996 
IOOO 


( B ) 


push R2 jfc*JH-9*»$ 


R2 


SPI4 
996 I 


SPW 


LZ 


I — LSll 
4lP 


992 


Mk 
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996 
IOOO 
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[0 18] 


[020 ] 


( A ) 

pop R2 ^ ^ t505 


C B ) 

pop Rl ^^t^? 


SPJ4 ' 



rs/rs/#sm 


996 c 
1000 


SP14 ^ 


IOOO 



■U4 


^98 D.DATA.BUS 


RI5 


I4 N 


X 


96 D_ ADDR.BUS 


± 


78 XA.BUS 


BP 


Ljv 30 
> 


— 7- 
54 


count x 


Add.LT 


32 


76 WW.BUS 


„24 


45 
}l-46 


RAM 


60 

_J 


BCU 


[132 1 3 


9 


off set = - 4 

_^SIOO 

count x e O 


SP-^XA-BUS 



Add-LT— XA.BUS+ offset 


Add_LT — D-ADDR. BUS 
RF(%Rs -counlx)-*— D-DATA- BUS 
do write bus eye le 


SIOI 


SI02 



SI05. 


Add - LT — -WW_BUS 
WW_BUS-*-SP 


1 L 


count*— count k •+ I 
Add. LT — XA.BUS 


6 
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im2 2 ] 


9 


offsets A 
countxs O 
SP -^XA_BUS 
5P-D_ADDR.BUS 


, SI 10 


Add„LT^-XA_ 

SUSt- Offset 



do read bus cycle 

D_ DATA _ BUS — - RF t count x ) 


„SII2 



Add. LT — WW.BUS 
WW_BUS— SP 


6 


SI 15. 


count x— countx +• I 
Add.LT— XA-BUS 
Add. LT — D_AD0R_ BU S 
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2 ? D 3 -.7 
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CPU 


2 


ROM 


920^ 


930 


94Q^ 


16 t'*l- 


960 


x 9ro 


98Q 


4>« DMA 


j£ DMA 
990 7 


J-IO 


,50 


RAM 


800 


ecu 


830 


1 


60 


A/D ^^tff^ 


86Q y 
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>2,94,96,98 
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